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1 
A: The Role of Micelles in Kinetics 
The parallel between the catalytic behaviour of macro-
molecules and enzymes has led to a renewed interest in the 
studies of chemical reactions in the presence of surfactants. 
Micellar effects , catalysis and inhibition, on kinetics 
of a large number of reactions have been the subject of intensive 
current research -^  » ^ ', On reactions such as solvolyses, 
6,22,29,30,70,170 
rearrangements and decarboxylations, several reviews 
3 
are available . These investigations have revealed a number of 
interesting and some times intriguing aspects of the chemistry 
at micellar surfaces. Many of the results are of direct rele-
vance for our understsinding of rate processes at interfaces, 
which are of such importance in biochemistry and industrial 
chemistry. The biological significance of micellar catalysis 
and inhibitions was recognized and the bio-organic chemistry 
124 
of aggregated molecules has been reviewed . Normal as well as 
reversed micelles have been considered as simple model systems 
171 for enzymatic catalysis, both from a kinetic view point as 
172 
well as in terms of stereochemical and substrate selectivity 
o 
However, Romsted has drawn attention to certain cinxcial diffe-
rences between micellar and enzymatic catalysis. In enzyme 
catalyzed reactions the substrate concentration is usually 
2 
several ordeirs of magnitude larger than the enzyme concentration. 
By contrast, in aicellar solutions the concentration of at least 
one of the reactants is maintained rather similar to that of the 
micelles. For second and higher order reactions, this may then 
lead to a large change in the relative concentrations of the 
reactants in both pseudophases if at least one of the reactants 
is strongly bounded to the micelles. As a result, this diffe-
rence leads to different concentrations effects altering the 
mechanisms. 
Kinetic studies of fast reactions in micelles has recently 
1 73 
been reported by Thomas et al. . The stereochemistry of 
chemical reaction in micellar systems' • '^  and light-initiated 
175 
coupling reactions with surfactant show interesting features . 
Ionic surfactants such as sodium dodeeyl sulfate are of 
great interest as models for biological membranes. Ionic 
surfactants belong to the amphiphiles family; they possess a 
long hydro carbon chain and a polar head group. The chain is 
hydrophobic and the polar head group is hydrophilic. In a 
polar solvent and at (cmc) these molecules associate to form 
micelles. 
Oxidation and Seduction are fundamentally important 
reactions of metabolism in living systems catalyzed by oxidase 
and reductase . These enzymes are usually composed of two parts, 
3 
co-enayme and apo-enzyme. Co-enz3naes are compotuids nhich 
transfer electrons to substrates, where as apo-enzymes are 
spherical proteins which provide the reaction s i t e s . Asso-
ciates of surfactant molecules are similar to spherical 
proteins largely because , (a) the micellar s tructure has 
several similar feature to spherical proteins; (b) denaturants 
of proteins also destroy micellar s tructure; (c) the binding 
constants of substrates with micelles are in the same order 
as those with enzymes; (d) kinet ics of micellar catalysis 
obeys the Hichaelis-Menten equation which i s applied exten-
sively to the enzyme ca ta lys is . In general, there are two 
distinguished factors governing the micellar effect on organic 
reactions, one i s the local concentration effect of substrates 
or cata lysis , which i s caused by e lec t ros ta t ic or hydrophobic 
interactions between micelles and the substrates, and secondly, 
the medium effect on the study of t rans i t ion s ta tes ' ^ . 
Recently Yera and Rodenas have studied the inhibit ion 
effect on basic hydrolysis of 4-acetobenzoic acid and 2-napthyl 
acetate by cationic micelles of N-cetyl-N,]J,N-tri methyl ammonium 
bromide and hydroxide. The authors have compared the resul t s 
with the ones obtained for the basic hydrolysis of acetyl 
sa l icy l ic acid and 3-acetozy-2-naphtoic acid and explained 
the resul t s with the pseudophase kinet ic model. 
4 
Recently a number of micellar induced stereoselective and 
regioselective reactions have "been reported * . The effect 
of ionic micelles on the rates of bimolecular reactions is due 
to increased concentration of the two reactants in the small 
3 
volume of the micellar stern layer , This effect is specially 
important in reactions involving the attack of an organic 
substrate by an ionic reactive. Simple electrostatic considera-
tions predict that the cationic micelles will enhance reaction 
rates by negative ions while anionic micelles catalyze reactions 
•5 
involving positive ions . 
Generally, rate constants in micelles are similar to those 
in water. Differences if any are due to properties of micelles 
as kinetic solvent and different location of the reactants in 
micelles. However, there are some exceptions to this generali-
.. 16-20 
zation 
Shinkai and his co-workers have examined reduction of 
isoalloxazines and acridinium ion in the presence of cationic, 
21 
anionic and non-ionic micelles . The micellar effect is 
accounted for by the relative stabilization of the micelle 
•5 22-27 bound species * 
Recently Ortega and Rodenas studied the micellar effects 
on the reactions of two different nucleophiles with a series 
of chemically similar complexes with ligands of different 
hydrophobicities to test the pseudophase ion-exchange and 
5 
mass-action models. It is known that the rates of bimolecular 
reactions are strongly affected by micellar systems. The effect 
arises primarly from increased concentration of reactants in the 
small volume of the stern layer of micelles rather than any 
chemical catalytic effect ^ ^  , Nevertheless there are some 
"5 "5 
exceptions to this generalization . The studies on catalytic 
effects of micellar solution are relatively more frequent on 
9 29—33 
reactions involving ionized or unionized organic reagents ' , 
but there are few studies with inorganic substrates. Although 
34-large rate enhancements have been observed for ligand and 
35 36 
electron '-"^  transfer react ions. 
37 Tanimoto and his co-workers studied the magnetic effects 
on the photochemical reactions of p-benzoquinone derivatives in 
(sodium dodecyl sulfate) micellar solutions by steadystate and 
laser flash photolysis. The study of magnetic effects on photo-
chemical reactions provides an excellent tool not only to inves-
tigate reaction mechanisms but also to control photochemical 
•TO 
processes . In the laser flash photolysis it has been shown 
that the decay of a transient due to the semi quinone radicals 
in micellar solution consists of "fast* and "slow" decay components. 
39 Dunlop and Cordes-^  studied the acidic hydrolysis of methyl 
ortho benzoate in sodium dodecyl sulfate as a catalyst. According to 
the authors the second-order rate constants for this reaction below 
the critical micelle concentrations are independent of surfactant 
6 
concentrationa. Above the cmc, however, these rate constants 
initially increase rapidly, level off, and finally decrease 
slowly with increasing surfactant concentration. The surfactant-
dependent hydrolysis of methyl orthobenzoate shows marked 
inhibition by cations, increasing with the hydrophobic character 
of the cations. Both enzymatic and micellar reactions exhibit 
kinetic behaviour characterized by saturation of substrate with 
catalyst and saturation of catalyst with substrate "" . Certain 
nucleophilic groups known to occur on the surface of enzymes 
exhibit enhanced nucleophilicities vhen present on the surface 
of suitably constituted micelles * . Such studies ought to 
shed light on the surface of the catalytic activity and more 
closely define the relationship between those reactions which 
occur on the surface of proteins and in the presence of micelles. 
66 
Dunlop iand Gordes have done the survey of the effect of 
24 anionic, non ionic, and zwitter ionic surfactants used as 
catalysts, for the kinetics of hydrolysis of methyl orthobenzoate 
in slightly acidic aqueous solutions. They gave the following 
generalizations regarding the catalytic efficiencies of these 
species (a) catalytic efficiency is decreased as the ionic 
group is moved away from the terminus of the hydro carbon like 
cahin (b) catalytic effectiveness decreases as the head group 
is changed from sulfate to sulfonate to oxyethyl or substituted 
7 
oxyethyl sulfate and (c) althoxagh catalyt ic efficiency varies 
with the nature of the head groups, surfactants possessing two 
anionic s i tes tend to be more effective catalysts then those 
possessing one. Increasing concentrations of non ionic and 
zwitterionic surfactants cause modest decrease in the rate of 
hydrolysis of methyl orthobenzoate. Bthanol, 1-butanol^ 
1-heptanol, and 1-decanol (in increasing order) act as inhibi tors 
for the sodium dodecyl sulfate catalyzed hydrolysis of methyl 
orthobenzoate. I t has been shown that for a ser ies of para 
substituted methyl orthobenzoates, catalysis(of hydrolysis)by 
sodium dodecyl sulfate becomes more important as the electron-
donating abi l i ty of the polar substituent increases. 
67 Thomas, Calvin and Fendler have widely used micellar 
solutions as models for a r t i f i c i a l photosynthetic systems. 
Photo-ionization and charge separation processes in these 
organized molecular assemblies may be markedly affected by 
s t ructura l factors, such as micelle size and shape, and the 
location of the photo ionizable molecule with respect to micellar 
surface. 
68 
Burkey and Griller have used optical modulation spectro-
scopy method to monitor the second order decay kinetics of 
phenyl thiyl (I) and mesity thiyl radicals (Il)in both heptane 
and sodium dodecyl sulfate (SDS) solutions. Little change was 
observed in the decay kinetics- of (I) in aqueous SDS (0.2 M) 
8 
solutions, suggesting that the radical was not strongly parti-
tioned into the micelles. However, enhancements by a factor 
of 0.50 in both the life time and concentration of II were 
observed in 0.05M SDS, implying that the radical was effectively 
caged within the micelles. For a radical which shows a strong 
preference for the micellar environment, the radical concentration 
in the aqueous phase will be low. Decay will then occur by a 
mechanism in which the radical visits a number of micelles by 
repeated exit and entry until it finds one which contains 
another radical, when reaction will generally occur. In this 
instance decay may again follow second-order kinetics with the 
exit process being the rate-controlling step. 
Acid dissociation constants, K „, of thymol blue and first-
order rate constants, kn, of the basic hydrolysis of p-nitr©-
phenyl butyrate were measured spectrephotometrically at 25 C in 
the presence of hexadecyl trimethyl ammonium bromide, sodium 
bromide, and a 2-amino-2-methyl-l,3-propane diol-HBr buffer by 
69 Punasaki . Two models, viz., electrostatic and ion-exchange 
models, which demonstrate the dependence of the kinetics and 
equilibrium of these chemical reactions on the concentrations 
of the surfactant and salt were developed. At high salt con-
centrations the addition of CTAB increased the pK„„ values and 
^ aa 
decreased the rate constants, and brought about opposite changes 
at low salt concentrations. This tendency of micellar effects 
9 
can be explained on the basis of two models. The differences 
between the bulk and micellar values of pK„'s as well as rate 
•^  a 
constants are explained in terms of a lower dielectric constant 
of the micellar surface, viz., solvent effect. Micelles of the 
surfactants catalyze or inhibit chemical reactions by incorpo-
ration of a reactant or reactants on to the micelles where the 
rate constant and concentration of the reactants differ from 
those in the bulk solutions^ '^ »'^ °*'^ -^ . Several theories®''^ "^'^ ^ 
of micellar catalysis which quantitatively accept this coneen-
o rrp 'If. 
tration effect have been proposed. Some of these theories' 
are applicable to buffered systems whereas others * relate 
better to unbuffered systems. In some studies * , however, 
these theories have been compared with experimental data without 
taking this condition into consideration. Moreover, this con-
centration effect has been estimated from equilibrium properties 
75,76,79,80 
of micelles, such as solubilization and ion-exchange studies 
Concetration of catalytically active ions, such as hydrogen and 
hydroxide ions, therefore, may also play an important role in 
micellar effects on the kinetics and equilibrium of chemical 
reactions. The decrease of micellar catalysis with the addition 
of salt has been explained in terms of the displacement of 
catalytically active ions with inactive ones at the micellar 
surface^ ''^ '^'^ '^'^ '^ ''^ ®. Most studies'^ '^ '®"^  explain the effect of 
salt concentration upon micellar catalysis at a constant 
1 
sur fac tan t concentrat ion i n terms of the extent of r a t e enhance-
78 
ment by mice l la r concentrat ion at the c r i t i c a l micell izat ion(cit tc) . 
Ul t rasonic r e l axa t ion absorption has been measured in 
aqueous so lu t ions of benzoic acid and i t s de r iva t ives in t he 
presence of ca t ionic micel le of dodecyl ammonium chlor ide by 
op 
Harada and his workers . The relaxation is ascribed to the 
protolysis of the carboxylic acids ©n the surface of micelle. 
Ph'COO" + H"*" ^ Ph'GQQ (k^, k^). The forward (Y^^^) and 
backward (k^) rate constants, the apparent acid dissociation 
constant K = (k,/(Y k-)), and volume change { ^y) for the 
protolysis are obtained. A linear relationship is found between 
2 
log Y k- or log k, and pK : A two step mechanism has been 
proposed. 
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11 
I f we assume tha t I I i s aa inteinnediate a t steady s t a t e , then 
the overa l l r a t e constants are given by 
^ ~ ^21^^23 
IT IT 
_ ^21^32 
^ " ^21^^23 
Assuming that k-|^2» ^21^^23' ^32 ^^^^ "^^^ overall rate constants 
are given by 
^f = ^^12/^21^^23 
k - k 
The rate determining step is the intra-ion psdr proton transfer 
process. Mimiking the reactions on biological membranes and 
enzyiaes, the kinetics of various reactions has been studied in 
•Z C O 
micellar solutions * * . However, the micellar effects on very 
rapid reactions e.g. protolysis of acids, have not been studied 
to date. The anionic micellar effects of sodium dodecyl sulfate 
(SDS) on the kinetics of the base equilibrium of amines by 
82-84-
ultrasonic absorption were examined . Static investigations 
of the micellar effects on the ionization of acids have long 
been performed, and it has been obseirved that incorporation of 
acids into cationic micelles increases their dissociation . 
12 
Purtli6tmior«, NMR studies have given a solubilized structure 
for aromatic carboxylic acids existing on the surface of a 
oationic micelles . 
The inadequecies of the kinetic t^ e^atment based on the 
pseudo-phase model for the reactions catalyzed by ionic 
micelles are revealed when the model fails to apply to micelles 
such as hexadecyl trimethyl ammonium hydroxide (GTAOH) 
which possess more hydrophilic counter ions. The reaction in 
the presence of surfactant is assumed to follow the pathways 
as shown in Scheme 1 . 
A.W + B^ ^.J=i A.W B^ ; L J A, CN-
H in micelles 
Vfhere GISO denotes the cyanide ion in the micellar phase, and 
kj, and kjj, are the rate constants for the forward and reverse 
reactions respectively, occurring in the micellar phase. For 
the kinetic experiments the observed first-order rate constant 
k , is given by 
ku7 = 
KgkjjCCN-M] 
^ = I+^SL^J 
One of the main causes for the failure is believed to be the 
assumption of a constant value of the fraction of the charge 
91 92 
on the micellar head groups neutralized by the counter ions * . 
13 
Instead, by assuming the binding of the counter ion to be 
governed by a distribution constant. 
27 93 
Broxton ' and Morrison*^ •^ , analysed the product for the 
acid catalyzed hydrolysis of nitrazepam and some N-alkyl 
derivatives in the presence of micelles of soditua dodecyl 
sulfate (SBS) by a u.v. spectrophotometric technique. There 
94-08 have been a number of reports of the acid catalyzed 
hydrolysis of therapeutically interesting benzodiazepinones 
in aqueous solution. The diazepinone nucleus contains both 
azomethine [(4), (5)] and amide [(l), (2)] bonds. Complete 
hydrolysis of benzodiazepinones results from the sequential 
cleavage of both of these bonds forming the appropriate 
substituted 2-amino benzophenone (4) and glycine (Scheme 1). 
95 96 
Hydrolysis of diazepam and nitrazepam in acidic solution 
has been reported to involve initial azomethane cleavage and 
the mechanism (1) ^ (3) ^ (4) was proposed. On the 
95 94 
other hand, hydrolysis of oxazepam-^ '^ , chlorodiazepoxide and 
94 demoxepam has been reported to involve initial amide cleavage, 
Thus, the mechanism of hydrolysis of benzodiazepinones is finely 
balanced and variation of substituents X and fi can result in a 
change of mechanism. Because of interest in the effects of 
99 100 
micelles on the mechanism of the reaction * . Broxton and 
Morrison studied the acidic hydrolysis of benzodiazepinones in 
the presence of sodium dodecyl sulfate (SDS). The acid 
14 
catalyzed hydrolysis of diazepam was inh ib i t ed by SDS, but the 
mechanism was unchanged ( i n i t i a l a t tack of water a t Cc leading 
to azomethine cleavage). The acid-cata lyzed hydrolysis of 
nitrazepam, however, was not inh ib i t ed by the mice l les and the 
mechanism changed from i n i t i a l a t t ack of water at Cc (azomethine 
cleavage) in aqueous solut ion to i n i t i a l a t tack of water at Cp 
(amide cleavage) i n the presence of SDS . 
X 
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102 Jobe and Reinsborough have inves t iga ted the r a t e 
2+ 
enhancements for t he reac t ion between Ni (aq) and pyr id ine-
2-azo-p-dimethyl a n i l i n e (Pada) by the stopped-flow technique 
15 
in micellar solutions, fiate enhancements in micellar solution 
for a par t icular reaction with either anionic or cationic 
surfactants are principally determined by the length of the 
carbon chain of the surfactant monomer * * -^ ^ . The 
par t icular surfactant polar head group has re la t ive ly l i t t l e 
bearing as long as i t i s univalent of opposite charge to any 
charged reactants . Beyond t h i s , the dependency of ra te enhance-
ments on surfactant structure has received l i t t l e a t tent ion. 
In the search for effective rate promoters, more information 
i s needed providing insight into the mechanics of the micellar 
ra te enhancement phenomenon. 
Although study of the effects of micelles on organic 
reactions i s currently of great in teres t , not many reports 
are available on micelle-induced change in mechanism. However, 
in some cases, different products have been reported for reac-
t ions carried out in the presence of micelles compared with 
93 101 
reaction in water. Kinetic studies ' of the acidic hydrolysis 
of diazepam and nitrazepam were carried out in the presence of 
sodium dodecyl sulfate (SDS)''"^"'". The hydrolysis of diazepam-'-^ "'-
was shown to occur with biphasic k inet ics . 
105 Broxton and Jakobljevic has also studied the effect of 
micelles of cetyl trimethyl ammonium bromide on the SjrAr reaction 
of azide ions with l-halogeno-2,4,-dinitrobenzenes and on the 
16 
subsequent decomposition of the a ry l axide product. There are 
conf l ic t ing repor t s in the l i t e r a t u r e concerning yhe magnitude 
of the micel lar ca t a ly s i s of nucleophi l ic aromatic s u b s t i t u t i o n 
reac t ions of azide ion ^ » ^ ' , However, the azidode chlor ina t ion 
of l - c h l o r o - 2 , 4 - d i n i t r o benzene has been shown to be s t rongly 
107 
catalyzed by CTAB micelles . 
1 no 
Shinkai et al. has investigated the effect of cationic 
polymer micelles in the isoalloxazine (flavin) oxidation of 
thiols. The polymers used for the study by Shinkai et al. were 
poly-(2-ethyl-l-vinylimidazole) quaternized with ethyl bromide 
and lauryl bromide. Polymer micelles can provide the structural 
characteristics of both conventional poly electrolytes and 
micelles . The observed saturation kinetics strongly 
suggests the formation of complexes between polymer micelle 
and thiol or isoalloxazine. Conventional micellar catalysis 
generally features sigmoidal dependence on the surfactant con-
centration, i.e. the rate constant is almost independent of the 
surfactant concentration below the cmc, where as it rapidly rises 
or descends above the cmc. This pattern was also true in the 
co-enzyme-catalyzed systems investigated . It was 
suggested for the polymer-micelle-catalyzed decarboxylation 
reaction that added aromatic anions associate with iiie head group 
117 
of the laurylated unit . Recently, it has been found that the 
17 
flavin oxidation of thio-phenol to diphenyl disulfide, usually 
not possible in non-enzymatic systems, does take place with an 
isoalloxazine bound to a cationic micelle ^ . The resxilts 
repoirted by Shankai et a l . suggests that the micellar hydro-
phobic environment i s crucial for the flavin mediated oxidation 
reduction reaction. 
1 T O 
Berndt and his co-workers have examined the rates of 
hydrolysis of octanohydroxamic and N-methyl octanohydroxamic 
acids under acidic conditions with sodium 1-dodecane sulfonate 
as surfactant and under alkaline conditions with cetyl trimethyl 
ammonium bromide as surfactant. Simple reaction rate orders 
were obtained except for the alkaline hydrolysis of octano-
hydroxamic acid above the cmc of the surfactant. The latter 
yielded pseudo-zero-order kinetics. The rates of acid hydrolysis 
of a series of meta and para-substituted benzohydroxamic acids 
in aqueous solution with sodium 1-dodecane sulfonate as surfactant 
were also measured. The substituent effects indicate specific 
micellar influences on the rates and a difference in mechanism 
between the bu3.k aqueous phase and the micellar phase. Micellar 
enhancement of reaction rates of bimolecular reactions could 
result from one or both the factors (a) the concentration of 
reaetants by the micellar phase and (b) the relative stabili-
zation of transition states and/or destabilization of reactant 
states by the micellar environment relative to the bulk aqueous 
18 
pha3el" ,120. 
Second-order ra te constants for nueleophilic attack of 
hydroxide ion at the sulfonate sulfur atom of a series of 
sulfonates BnSOp GH20S02fi2 ^^ *^ ® presence of CTAB micelles 
(at 50^0) have "been analyzed by ¥ i t t e and Engberts in terms 
of the pseudophase ion-exchange (PPIB) model. I t i s shown that 
the catalysis by the micelles i s caused by the increased reactant 
concentrations in the mioellar reaction volume. The ra tes of a 
large variety of chemical reactions in aqueous solution are 
influenced by the presence of micelles ' * . The magnitude 
of the catalysis (or inhibit ion) depends crucially on the e f f i -
ciency of micellar incorporation of the reactants and ©n the 
specific charged environment at the micellar binding s i t e s . In 
the case of bimolecular reactions, two reactants should bind to 
the micelle. This may lead to local ly increased reactant concen-
t ra t ions and concomitant increased react ivi ty even if the rate 
constant in the micellar pseudophase is decreased re la t ive to 
that in aqueous solution. Among the various kinet ic treatments 
advanced for the analysis of cat lys is by ionic micelles of 
biiBolecular reactions involving a neutral reactant and a hydro-
phi l ic reactant counter ions, the pseudophase ion exchange(PPIB) 
o 
presents a very successful model . 
123 
The subjects of micellar structure -^  and induced selec-
tivity ' in micelle-catalyzed reactions have been recently 
19 
reviewed. Applications of mice l la r ca t a ly s i s to syn the t i c 
organic chemistry have been discussed * * . Benjamin et a l . 
have inves t iga ted acid-catalyzed cyc l iza t ion of terpenoids in a 
mice l l a r system. Se l ec t i v i t y and r a t e enhancement in the c y c l i -
za t ion of c i t r o n e l l a l . In fac t , mice l la r e f fec ts in non-photo 
9 127 chemical cyclizations appear to he r e l a t i v e l y ra re * . Benjamin 
et a l . reported t h e i r observations concerning the effect of sodium 
dodecyl su l f a t e (SDS) micel le on the stereo-chemical course of 
the acid-cata lyzed cyc l iza t ion of the monoterpene (•*•)-citronellal, 
as evidenced by a l a rge change in the r a t i o of the two major 
products and also a modest r a t e increase for the SDS-catalyzed 
cyc l i za t ion . 
1?8 Nakagaki and Tokoyama have studied the base-cata lyzed 
hydrolys is of Acetyl choline chloride [Ach] in the presence of 
anionic and non ion ic su r fac tan t s . The r a t e of hydrolysis was 
determined spectrophotometrical ly measuring the r a t e of d i s -
appearance of Ach. Micellar c a t a ly s i s of the Ach hydrolysis 
has a t t r a c t e d much i n t e r e s t . Regarding the influence of 
su r fac tan t s on the hydix)lysis of Acetylcholine ch lor ide , Nogami 
et a l . have revealed a r e t a rda t ion of base-catalyzed hydrolysis 
of Ach by sodium dodecyl su l fa te (SDS) micel le by comparing half-
l i v e s of Ach in the absence and presence of SDS. The r e l a t i o n 
between the r a t e s of hydrolysis and the surface p o t e n t i a l of 
micel le a lso has been made c lear by taking in to account the 
20 
130 
accurate cmc of surfactant in the presence of Ach and the 
151 distribution of Ach between micellar and biilk phases . 
132 McClelland and Lennox have done the analysis of SDS 
(anionic); Brij-35 (neutral), CTAB and CTAC (cationic) micellar 
systems based upon the bromination of micelle-associated unsatu-
rated amphiphiles; which may be used as excellent probes for 
micellar influence on reaction mechanism since their rates and 
products are extremely sensitive to experimental conditions. A 
limited study has also been carried out on the kinetics of 
mercuration in SDS micelles of some alkenes. Mercuration is 
133 
mechanistically similar to bromination , but because it is 
charged, the electrophiles will have a very different degree of 
hydrocarbon partitioning as compared to bromine. The results 
with the fatty acid alkenes also provide a comparison with those 
recently reported for micellar bromination of some amphiphilic 
and hydrophobic stilbenes. The modification of chemical reactions 
by incorporation of the reagent molecules into aqueous micelles 
and other organized assemblies has received considerable 
attention'^ * '* ' •^ .^ Examples have been found nhere end products, 
and even stereochemistry have been significantly affected. Atten-
tion has naturally also focussed on a detailed understanding of 
such effects. Central concerns has been the structures of the 
organized assemblies themselves, the nature of their interaction 
21 
with guest reagent molecules, the nature of the environment 
("micro environment") experienced by the guest molec\ile, and 
the nature and location of transition states occurring within '. 
Micelle-catalyzed reactions therefore has become an area of 
135 
rapidly increasing interest . Micelles were found to be very 
attractive reaction media for many kinds of reactions * ' * -^' 
The mechanisms of these reactions were investigated not only by 
analogy with the Michaelis-Menten equation for the enzymatic 
reaction -^  -14U ^^^ also from the perspective of volume fractions 
of the two-part reaction system namely the micellar and bulk 
solutions . The kinetics changes are significant only 
when the micellar concentrations are much higher than react ant 
concentrations and the micellar concentrations are just above 
the cmc. Therefore, in studies of the kinetics of micelle-
catalyzed reactions, in the case where reactant concentrations 
are comparable to or higher thsin micellar concentrations, the 
distribution of reactants among the two phases must be taken 
into consideration. Indeed, various studies have shown quali-
tative dependence of the reaction rates on the micellar con-
centrations ^ » -^ ' but their interpretations have been con-
ventional in most respects and the distribution of the reactants 
has not been taken into consideration. On the other hand, in 
photochemical processes in micellar solutions the distribution 
of photochemical probes among micelles was found to be a very 
22 
importsuit f ac to r to e luc idate the photochemical r eac t i ons , and 
a genera l ly accepted concept concerning the d i s t r i b u t i o n of 
145-141 
probe molecules among micel les i s based on Poisson d i s t r i b u t i o n 
As a mice l la r so lu t ion i s a thermodynamic system even in the 
presence of s o l u b i l i z a t e s or r e ac t an t s , the equil ibrium d i s t r i -
but ion i s e s s e n t i a l l y a thermodynamic problem. The assoc ia t ion 
constants of s o l u b i l i z a t e s with micel les determines the s t a t e of 
the mice l la r so lu t ion system. The random, poisson, and Gaussian 
d i s t r i b u t i o n s of r eac tan t s among micel les were adopted to evaluate 
t he r a t e cons tants . According to Nakamura et a l . photochemical 
r eac t ions in mice l la r so lu t ions are influenced by a l a rge number 
of f ac to r s as s ta ted e a r l i e r . Studies on added s a l t i n pyrene-SDS 
system show tha t the cupric ion i s the only metal- ion quencher 
t ha t causes net e lec t ron t r a n s f e r from pyrene t o a cupric ion in 
SDS so lu t ion . 
Hunter and Szczepanski reported the t r i p l e t - s t a t e l i f e times 
for pyrene in (G,^TAB) and sodium dodecyl su l f a t e (SDS) mice l la r 
n 4.Q 
so lu t ions , which was found to l i f e times dependent on both 
pyrene and micel lar concentrat ions and vary with the d i s t r i b u t i o n 
of pyrene in the two phases. 
ISO 
P e l i z e t t i and co-workers studied the k i n e t i c s and e q u i l i -
b r i a of the e lec t ron t r ans fe r r eac t ions involving ferrocene and 
cobalt ( I I I ) complexes by stopped-flow technique in the presence 
23 
of ca t ion ic (OTAN), nonionic ( tr i ton-X-100) and anionic (SDS) 
mice l les . 
Hashimoto and Thomas determined the r a t e constant (k ) 
and y ie ld for the quenching of exci ted s ing le t s t a t e s of both 
pyrene and N-ethyl carbazole and of the t r i p l e t s t a t e of 
N-methyl phenothiazine by a number of metal ions i n mice l la r 
sodium taurocholate (NaTC) in perchlor ic acid medium and in 
sodium dodecyl su l fa te (SDS)-'"^^'-'-^^. 
154 Bunton et a l . s tudied the r a t e constants fo r r eac t ions 
of 0H~; with 2 ,4-d in i t roch loro benzene (DNCB), 2 ,4 -d in i t roch loro 
napthalene (DNCN) and p-ni t rophenyl diphenyl phosphate (PEPDPP) 
in mice l la r so lu t ion of ce ty l t r imethyl ammonium hydroxide 
(CTAOH). According to Bujaiton and h i s co-workers GTAOH do not 
conform to the pseudophase ion-exchange model. The r a t e constants 
do not become constant -idien substances are fu l ly mice l l a r bound 
and increase on addi t ion of BTaOH. However, with the more 
hydrophobic subs t ra tes DNCN and PNPDPP they appear to reach 
l imi t ing r a t e constants at high (CTAOH) or high (NaOH). These 
observat ions were explained on the bas i s of the assumption 
tha t the charge on a CTAOH micel le decreases on addi t ion of 
OH"; i . e . the concentrat ion of OH" in the micel le increases 
with increasing [OH""] in the aqueous pseudophase. 
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155 Greorge Truscott and o thers studied the one e lec t ron 
oxidat ions of carotene and e lec t ron t r ans f e r s involving 
carotene and chlorophyll in mice l les . The process by which 
d i f ferent organisms containing chlorophyll and s imi l a r pigments 
convert l i g h t energy to chemical products (Op* ATP, carbohydrates) 
i s one of the most important photochemical systems i n biology. 
The one e lec t ronic oxidat ion of p-carotene has been achieved in 
mice l la r so lut ions by pulse r a d i o l y s i s . The rad ica l cat ion has 
been produced in the core of the micel le by oxidat ion using 
SCNp' and Br" as r ad ica l anions. The apparent second-order 
constants are lover than those obtained with chlorophyll pigments. 
This i s consis tent with the presence of two main s i t e s of so lub i -
l i z a t i o n in tr i ton-X-100 mice l les , a t the periphery for chloro-
phyl l s and in the mice l la r core for carotene or o ther very 
hydrophobic molecules. I n t e r mice l la r e lec t ron t r a n s f e r was 
observed from bac te r io chlorophyll a (Bch) or chlorophyll a(ch) 
to the ca t ion of carotene in tr i ton-X-100 mice l la r so lu t ions . 
156 Yamashita and others inves t iga ted the u l t r a s o n i c 
r e l axa t ion adsorption in aqueous so lu t ion using N-octylamine(OA) 
in the presence of sodium dodecyl su l f a t e mice l l e s . These 
mice l la r e f fec t s have been in te rp re ted in terms of e l e c t r o s t a t i c 
i n t e r a c t i o n s between the micel le and OH and OA ions . 
The k i n e t i c s and e q u i l i b r i a of e lec t ron t r a n s f e r between 
N-methyl phenothiazine and octa cyanomolybdate (V) in the 
"^3 
presence of various mice l la r forming sxirfactants (CTM, Triton-X-
100, SDS) has been inves t iga ted by Minero and h i s co-workers . 
The energy t r ans f e r [ST] between rhodamine 6G (Rh-6G-) and 
158 pinacyanol, using ca t ionic dyes was inves t iga ted by Sato et a l . 
i n the presence of sodium dodecyl su l fa te mice l l e s . 
The e lec t ron donor - acceptor (EDA) i n t e r a c t i o n between 
2+ 
methyl violegen (mV ) and 1-naphthylamine (INA); 2-naphthylamine 
(21TA); and If,N-dimethyl-l-naphthylamine (DMA) was studied by 
159 160 Ber to lo th and h i s co-workers * in water and in aqueous sodium 
dodecyl su l fa te (SDS). The observed values in the presence of 
SDS, were very much higher and s t rongly dependent upon the detergent 
concentrat ion. The enhancement in the i n t e r a c t i o n i s due to an 
increase i n the l o c a l concentrat ion and in the mice l la r pseudophase. 
The k i n e t i c s and stoichiometry of the hydrogen peroxide 
oxidat ion of Cu(I) to Cu(II) with b i s ( 1 , 10-phenanthroline) 
l 6 l 
complex have been inves t iga ted by Hodges and h i s co-workers 
in both aqueous and mice l la r SDS so lu t ion . At pH 5.8 the 
Cu(I):H202 stoichiometry i s 2 : 1 . The reac t ion r a t e i s f i r s t 
order in oxidant and reductant , zero order i n hydrogen ion and 
reaches to a l imi t ing value a t high pehnanthroline concentra t ions . 
The stoichiometry in presnece of sodium dodecyl su l f a t e changes 
to 1 :1 . 
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Some acid-base reactions of 1-naphthol and pyren-1-amine 
-I /To 
have also been studied by Selinger and Weller in sodium 
dodecyl sulfate surfactant micelles. 
-I c-z 
Broxton and others studied the rates of hydrolysis of 
several anilides. The reaction is catalyzed by cationic micelles 
and inhibited by anionic micelles (SDS). According to Broxton 
et al. the magnitude of catalysis is greatest for those anilides 
which contain the most hydrophobic R groups and is less for 
those containing less hydrophobic R groups. The magnitude of 
catalysis is greater for compounds activated by nitro groups 
than for those activated by a riiag nitrogen atom. 
The hydrolysis of 2-acetyloxybenzoic acid (Asprin) in 
the pH range 6 to 12 has been studied by Broxton in the 
presence of micelles of cetyl trimethyl ammonium bromide (CTAB) 
and cetyl pyridinixim chloride (CPG). According to Broxton the 
hydrolysis is inhibited by the presence of micelles in the pH 
range between 6 to 8 while in the region where the normal 
hydrolysis (pH>9) occurs the reaction is catalyzed by micelles. 
This reaction is inhibited because the substrate molecules are 
solubilized into the micelle and water is less available in 
this environment than in normal aqueous solution. 
165 Broxton and Chung studied the basic hydrolysis of 
carbamates in the presence of hydroxy functionalized micelles. 
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Ige and Soriyan have investigated the inhibition of the 
2+ 
aquation of PeCMe^Phen)^ by sodium dodecyl sulfate in aqueous 
acid media and a mechanism has been proposed which explains the 
pronounced inhibition and pre-micellar activity at low [SDS]™. 
According to Ige and Soriyan inhibition is due to favourable 
thermodynamic/hydrophobic/electrostatic binding between the 
complex and SDS monomer aggregates. 
M^- + s^^ ^ MS^-^ ... (1) 
MS^'"^ + H"^  ^ MH^""^ +3^"^ ... (2) 
M""" + H"^  ; ^ MH^^"" ... (5) 
S g-^ Q^y> products ... (4) 
MS^"^ g ^ y > products ... (5) 
where K, is the binding equilibrium or association constant and 
n is the magnitude of the average charge on the micelle (eq. 1). 
The bound complex (MS ~^) then reacts with H"*" present in solution 
(eq. 2). Where MH " is the protonated micelle. Hydrogen ion 
2+ 
competes with Fe(Me.Phen)^ for the binding sites on the micelle. 
Unbound micelle in solution can be protonated directly through 
the equilibrium pathway (eq. 3). Where K, is the acid-micelle 
2+ binding constant. The dissociation of the substrate, S to 
28 
products occurs in two phases, in the bulk water region ^ e r e 
the complex i s bound to the SDS aggregates;equation (4) and 
(5) . K^ i s f i rs t -order dissociation constant of the substrate 
or complex in bulk water and Kj, i s the f i r s t -o rder dissociation 
constant of the substrate or complex in the micellar phase. Kj, 
woiad be less than K„, i . e . there will be inhibit ion of the 
equation process due to the re la t ive thermodynamic s t ab i l i t y of 
the MS " micelle-complex ion, with respect to i t s dissociation. 
The micelle-complex ion i s either solubilized in the micellar 
167 
core (as i s the suggested SDS solubi l isat ion of haemin) or 
the complex may be bound in the s tem layer of the micellar 
region. 
Engberts et a l . studied the micelles the i r structure 
and catalyt ic property in de ta i l , according to them in "normal 
micelles" the solutes are usually bound in the s t em layer, but 
the exact location will depend on the hydrophobicity and concen-
t r a t ion of the solute as well as on the nature of the detergent. 
Chemical react iv i ty in the micelles c r i t i c a l l y depends on 
the local micro environment and on the local concentration and 
re la t ive orientation of the reactants bound at the interface 
region. I t i s these aspects which have been investigated 
extensively using micellar aggregates as simple model systems. 
In addition, micellar effects on rates and equi l ibr ia have been 
29 
compared with the c a t a l y t i c eff iciency of enzymes. 
Several k i n e t i c t heo r i e s have been devised to analyze the 
c a t a l y s i s and i nh ib i t i on of chemical reac t ions by micel les 
foirmed from non-functional de te rgen t s . In the pseudophase 
k i n e t i c model, l a rge ly developed by the Russian School of 
S c i e n t i s t s , the k i n e t i c s of n order r eac t ion are analyzed 
by considering the p a r t i t i o n i n g of the r eac tan t s between the 
two pseudophases (bulk water and the micel les) and a simtiltaneous 
course of the reac t ion in the two environments. Assuming tha t 
d i f fus ion of r eac tan t s to the micel les i s a much f a s t e r process 
than the reac t ion i t s e l f . Furthermore the concentrat ions of the 
r e a c t a n t s are su f f i c i en t ly small and the s t ruc ture of the 
micel le i s not ser iously affected. 
177 Murakami et a l . studied the k i n e t i c s and mechanism of 
t ransamination reac t ion of L-phenylalanine with hydirophobic 
pyridoxal i n ves i cu la r and mice l la r phases. The transamination 
of L-phenylalanine (L-Phe), a hydrophobic a-amino acid, with 
PL 20, g i n the ves ic le and the hexadecyltrimethyl ammonium 
bromide (CTAB) mice l le . According to Murakami the overa l l 
t ransamination r e a c t i v i t y i s g r e a t e r i n the ves ic le than in 
the mice l l e . 
30 
The r a t e determining step i s , 
K k 
PL'*"2C g^ + L-Phe ^ ^ ^ ASB ^ PM'*'2C g^ + KA. 
The b io log ica l transamination of an a-amino acid involves 
r eve r s ib l e isomerizat ion between two pa i r s of aldimine 
Schiffs bases and the corresponding ketimine Schiffgi 
bases^^^*^'^^. Formation of SchiffS base, i^ ich i s derived 
from vitajnin Bg analogue and an a-amino acid or an a-keto acid 
as a r eac t ion intermediate , i s much enhanced in the quas i -
hydro phobic hydrogen-belt domgdn. Since Schiffs • base formation 
takes place in the quasi-hydrophobic intramembrane domain, 
subs t r a t e s e l e c t i v i t y for the incorporat ion of a-amino ac ids 
and a-keto acids cont ro ls the extent of the reac t ion . 
I t i s expected tha t r e s u l t s of these s tud ies w i l l contr ibute 
to our understanding of the chemistry of enzymes and biomembranes. 
The survey of the current l i t e r a t u r e shows tha t very few 
e lec t ron t r a n s f e r processes have been studied i n t he presence 
of sur fac tan t . In view of t h e i r s i m i l a r i t y to enzyme c a t a l y s i s , 
perhaps, a l a rge number of hydrolys is reac t ions have been studied 
fo r comparison sake. The effect of surfactant on k i n e t i c para-
meters and mechanism of oxidation of "amino acids has been under 
taken for the f i r s t t ime. 
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B: Oxidation of Amino aoids 
The oxidation of amino acids is of the utmost importance 
both from the chemical point of view and from its bearing on 
the mechanism of amino acid metabolism. 
Oxidation decarboxylation of amino acids is one of the 
well-documented biochemical processes. There are several 
178 
analogous non enzymatic chemical processes . However, the 
exact mechanism of the chemical process of oxidative decarboxy-
lation of amino acids is not clear, and therefore, is an area 
open for further experimentation and investigation. 
The kinetics of the oxidative decarboxylation of glycine, 
DL-alanine, and DL-valine promoted by N-bromosuccinimide (NBS) 
has been studied as a function of pH by Hogg and Krishnan 
The solution of the amino acids and NBS scanned in the ultra 
voilet and visible regions of the spectmim, did not show any 
significant absorption in these regions but a mixture of the 
amino acid and NBS exhibits an absorption maximum at 240 nm. 
This absorbance is found to decrease with time. This clearly 
shows that the reaction involves the formation of an inter-
mediate which then decays to products. The proposed mechanism 
for the reaction iS} 
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The Scheme I I I accounts f o r the observed formation of n i t r i l e 
as a major product. 
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33 
H-
A 
? ? i? . 
-1^—,C-'-C—0 
I 1 
H H 
Fast 
Br—OH, 
k" 
slow N=^C. 
/ 
k-1 k. 
/ 
H R + Br-OH, 
H-
1 
H 
- I < /N Slow k^  
Br OH, 
Slow 
H ^ > 
R + Br-OH 
B r -
Fast k 4 
+ 
-OH, 
H,N+aGHO 5 
Path C 
\ . 
B i-
iO 
H^  l^C y 0 -i Br 
Fast 
k^ 
> - H ^N= C —R 
- N ^ C - R 
Path B 
The mechainism involves the formation of an acyl hypohromite of 
g lyc ine , i t s slow decomposition to an imine, and subsequent 
rapid conversion of imine to piroducts. Both alaiiine and va l ine 
undergo oxidat ion by a mechanism involving t h e slow abs t r ac t i on 
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of the a-liydrogen as hydride ion from the subs t ra te and i t s acyl 
hypobromite to give the imine. 
Dehydrogenation of b io logica l subs t r a t e s such as a-amino 
and a-hydrozy acids by flavo enzymes has been exploited fo r the 
prec i se understanding of the mechanism for these and o ther f l avo-
179 
enzymes-controlled b io log ica l redox reac t ions . The attempts 
to mimic the f lavin-ca ta lyzed oxidat ion of a-amino acids to the 
180 
corresponding a-keto acids , by non-enzymatic means, has 
invar iab ly produced the corresponding aldehydes 181 Oxidative 
decarboxylation i s a lso a main route in the chemical oxidat ion 
of a-hydroxy acids 
Saa et a l . has studied the oxidat ion of a-amino acids 
and a-hydroxy acids by Permy ^ a l t . This study represen ts the 
f i r s t successful non-enzymatic attempt to mimic the ac t ion of 
f lavoprote ins in generat ing a-keto ac ids from these organic 
substances. Permy Salt generates r ad i ca l s ^ i c h are s t ab i l i z ed 
by captodative subs t i tuen t s which fu r the r reac t with Permy 
s a l t , thus yielding oi idized s u b s t r a t e s . 
According to t h i s general Schemes proposed by Saa and 
Sfl « If\V « j-piflQ agiH aaa a-n^^aroxy 
acids should be ideal subs t ra tes for oxidat ion with Permy s a l t 
These observations t e n t a t i v e l y suggest tha t the f i r s t s tep for 
the oxidat ion of a-amino acids might be t h e generat ion of the 
corresponding ammonium radicals"'-®^, followed by the l o s s of the 
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1 R 6 
a-carbon proton, thus providing a s t ab i l i zed a-carbon r ad i ca l . 
The observat ions reported by Saa and h i s -co-workers show tha t 
the oxidat ion of a-hydroxy acids takes place at pH 6 more rap id ly 
than at pH 10 in l i n e with i t s higher redox p o t e n t i a l associa ted 
with oxygen compounds. They siaggested t h a t Permy s a l t oxidized 
ff-hydroxy acids d i r e c t l y t o the corresponding a-oarbon rad ica l 
as shown in Sch(jme I . 
Pascual and Herraez have studied the k i n e t i c s of 
oxidat ion of se r ine and threonine by periodate i n acid medium 
at 10°G. Which shows tha t the reac t ion r a t e i s f i r s t order in 
both per iodate and amino acid, and the overa l l r eac t ion follows 
second-order k i n e t i c s . The r a t e s decrease with increase in [H ], 
The scheme proposed by Pascual and Herraez gives su i tab le r a t e law 
whicsh i s experimentally v e r i f i e d . Amino acid e x i s t s almost 
e n t i r e l y in the d ipolar ionic form. The equilibrium"involved 
in ac id ic media i s : 
R—C!H(NH )^ CO2 + H"^  — ± R—OE{mp CO2H 
AA* AA"^ 
In aqueous per iodate so lu t ions , e q u i l i b r i a involving the oxidant 
a re : 
H5IO6 ; ^ = i - H^IOg + H+ 
K 
H4IO6 ^ = 4 ± 10- + 2H2O 
E.lO'c ; F = ^ H , I O ^ - + H^ 
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The results sij^ gest that the oxidation of serine and threonine 
in periodic acid is a multi step process. The first-order 
dependence of the rate on amino acid and periodate concentration, 
verifies the mechanism given as under are 
AA + Per ?^=i C, 
k- ^ 
Q^ i__> (jly + aldehyde + NH, + lO^H 
Gly + Per ;!=^ C^ 
0^ ^—^ CO2 + H — CO2H + lO^H 
(Per represents the total concentration of periodic acid and its 
anions). Pascual and Herraez have assumed that the amino acid 
and periodate reversibly form a complex (0-,) which decomposes 
giving the intermediate glyoxylic acid (Oly), the aldehyde 
(formaldehyde or acetaldehyde from serine and threonine res-
pectively), ammonia, and iodate. The kinetics expression for 
the reaction is : 
- 4 | ^ = k[AA][Per]. 
It was observed that pH changes have a marked effect on the 
rates of oxidation of the amino acids. The rate increases with 
increase in pH. 
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189 Sundaram and Reddy s tud i ed the o x i d a t i o n of A s p a r t i c 
a c i d , Grlutaraic a c i d , Arginine and H i a t i d i n e by N-bromo acetamide 
i n a c i d medium. Amino ac id g i v e t h e i r co r responding a ldehydes , 
ammonia and ca rbond iox ide . The proposed s t o i c h i o m e t r y i s : 
CH^CONHBr + RGH(l}H2)C02H + H2O > 
C!H5COim2 + RCHO + CO2 + NH^ + H"*" + Br"" 
The fo l lowing r a t e law has been proposed by Sundaram and Reddy, 
d[NBA] K:-,k,[NBA][SH'^] 
^ ^ 
dt K2[H'^][CIH5C0im2] 
R e s u l t s v e r i f y the above r a t e law as t h e r e a c t i o n i s of f i r s t 
o r d e r each i n [ ox idan t ] and [amino a c i d ] and i n v e r s e f i r s t o rde r 
each i n [H"*"] and [ a c e t a m i d e ] . The e f f e c t of changing t h e 
d i e l e c t r i c cons tan t of t h e medium on t h e r a t e i n d i c a t e s t h e 
r e a c t i o n to be of d i p o l e - d i p o l e t y p e . 
190 Gowda e t a l . has i n v e s t i g a t e d the k i n e t i c s and mechanism 
of o x i d a t i o n of L - th r eon ine i n ac id media by sodium N - c h l o r o - p -
t o l u e n e sulphonamide (CAT) a t 35°G. According t o Gowda and h i s 
co-workers t h e r e a c t i o n s fol low s i m i l a r k i n e t i c s i n d i f f e r e n t 
a c i d s , being f i r s t o rde r i n [CAT], f r a c t i o n a l o rde r i n [ s u b s t r a t e ] 
and [ C l " ] , and of i n v e r s e f r a c t i o n a l o rde r i n [H"*"]. I o n i c 
39 
s t reng th and addi t ion of the reac t ion product, p- toluene 
2— — 
STilphonamide, o r t he an ions such a s SO. and 010. had no 
e f f e c t on t h e r a t e . The mechanism proposed by Gowda e t a l . i s ; 
I 
H 
H 
I 
-01 + : N -
I 
H 
OOOH 
I 
-0—^R' 
i 
H 
( S ) 
slow 
6 - 6+ H OOOH 
R—N—01 N—0 ^R' 
(X) 
F a s t 
H 
-RNH, 
H OOOH 
I I 
N—C R^ • 
01 A 
-HRNHOI 
-RNH^ 
H OOOH 
I I 
N—0 R' 
I I 
01 H 
(S" ) (s») 
0. 
'? ~0H 
H \^^ 
(S«) 
e?^ 
-HCl 
0 
R •-o^=N—^o: 01 -» R'-C«N + CO2+ H > 01 
R r: p-CH j^CgH^ SO2-; 
R'= OH^CH(OH)-s 
The complex intermediate (X) formed by the e l e c t r o p h i l i c a t tack 
of RNHOl on the ni t rogen of the amino group of threonine (S) 
undergoes d ispropor t ionat ion to give the mono-H-chloro der iva t ive 
of the amino acid (S ' ) which in t u rn i n t e r a c t s with a second 
moleciae of SMGl to form the W,N-dichloro de r iva t ive (S" ) . This 
(S") undergoes molecular rearrangement and subsequent el imination 
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process y ie ld the r eac t ion products . The proposed r a t e laws 
by Gowda aiid h i s co-workers are , 
d [ CAT 3 ^^^2^3 [HMGl ] [ SH"*" ] 
dt k_3L(k__2+k )^ [H"^] 
- d[CAT]/^^ = kg[RMCl][Cl~] 
- d[CAT]/^^ = k ' [RMCl] 
The r a t e (5onst£uits predicted hy the derived r a t e law, as the 
concentrat ions of H"*" ion, subs t r a t e , and CI" ion change, are 
i n excel lent a^greement with the observed r a t e cons tants . 
The k i n e t i c s and mechanisms of oxidat ions of amino acids 
by sodium N-chloro toluene-p-sulphonamide (chloramine T) in 
acid and a lka l ine media have been c r i t i c a l l y examined by Crowda 
191 
and Mahadevappa . The oxidat ion in acid media proceeds v ia 
two paths , ( a )d i r ec t i n t e r ac t i on of N-chloro-toluene-p-sulphona-
mide (RNHCl) id.th the neu t ra l amino acid in a slow s tep leading 
to the formation of the mono chloro amino acid ^ i c h subsequently 
i n t e r a c t s with another molecule of RMCl, by a f a s t s t ep , to 
give lT,N-dichloro amino acid which in turn undergoes molecular 
rearrangement and el iminat ion to y ie ld the products and (b) the 
other involves the i n t e r a c t i o n of Clp or HpOCl, produced from 
the d ispropor t ionat ion of RNHCl in the presence or absence of 
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H GOOH H GOOH 
Gl -Gl + N—a—R' ^ ^ G l ^ " Gl^ "*" H—G—R' 
I i ^ • I L 
H H H a 
(S) (Z ) 
CI GOOH . CT ? "r^ OH 
CI H -H ^ l " ^ 1 * 
( S " ) (S') 
Vo- \ 
01 •). - "^Q-O-H 
S'—9ir^C ^ R—C=]J—Cl > R'-O^JJ + CO5 + H%01 
F 1^ 
R ' - C ^ + Gl — 01 + H2O > R'OSO + ffl"*" + 2Cr 
CI2 with the subs t ra te to give the products . In the a lka l ine 
medium however, t h e i n t e r a c t i o n s of RNHCl, HOCl, RNGl, and 
OCl with the subs t ra te has to be taken in account. The proposed 
r a t e law i s a function of concentrat ion of the subs t ra te and Gl" 
ion . The r a t e expression i s in agreement with the observed one. 
192 Ramachandran and 7ivekanandam ^ haverecently studied the 
k i e n t i c s and mechanisms of the oxidat ion of amino acids by 
peroxomo no s u l f a t e . The obseirved r a t e i s f i r s t order in [oxidant] 
and [amino ac id] and inverse f i r s t order in hydrogen ion concentra-
t i o n . Inves t iga to r s show tha t aldehyde, i s the oxida t ion product 
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and the reaction proceeds through two independent paths; one is H 
ion dependent and the other is H ion independent. The proposed 
mechanism is 
Scheme - I 
HOOSO" ~-^ "O-O-SO^ + H"*" 
Amino acid + HOOSO, •» products 
Araino acid + OOSO' 
-»• products 
Scheme - H 
E-g-H-COO"" + O-O-SO; 
R 
I? 
,c—o-
H - r — H...O-0-SO. 
H 
r a t e determing 
.2 -CO2 + H2O + S0 | + R - 0 = NH f = 
H 
hydrolysis f a s t 
ECHO + m . 
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Scheme - ^ 
R - CH - COO + PMS > RCHO 
COOH 
R - C5H - coo" + RCHO *• R - CH (Schiff^ base) 
S c h i f f ' s base ^^^ > P r o d u c t . 
qH ( 
\ = C H - R 
Scheme - J V 
R - GET - COOH + 2PMS > RCOOH + HH, + CO 2 
ffi2 
Viiline + PMS > Aldehyde + NH, + CO2 
The mechanism of oxidation involving acid-independent and inverse 
acid dependent paths may be as in Scheme I . A nucleophilic 
substitution mechanism at NH^ group has been proposed. The 
Scheme III provides the basis for one important observation 
that kobs increases after the conversion of a small amount of 
PMS. The product aldehyde initially formed reacts with the amino 
acid to give an aldimine (Schiffd base) which reacts more readily 
with PMS. According to Ramachandran and Vivekanandam the reactions 
of peroxides are liable to acid catalysis. 
The kinetics of oxidation of amino acids (S) by peroxomono-
sulphate (PMS) in the presence of formaldehyde (SH) has been 
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reported by liamachandran ^ et al. Analysis of the results shows 
that the rate of oxidation can be represented by, 
- d[PMS]/^^ =» k[S][SH][PMS] + k"[SH][PMS] 
at constant [H ]. The effect of hydrogen ion concentration on 
the rate and thermodynamic parameters was also calculated. The 
kinetic results show that the first step in the reaction of amino 
acids with PMS in the presence of formaldehyde is the formation 
of a Schiffa base. 
R-CH-COO + HCHO l . 
0-G-OH 
R - C H 
I 
N=CH, 
E 
R 
0-0-SO, 
V 
0=C-OH 
^ i OH <^ .^ ^^ °!f^ ^ R—CH /H 
/ rate deter- i / W II mining 
2-Past 
N=C<^  0 -0-SO-
^H 
2S0 
0 
R C hydrolysis ^  HOOOH + M ^ + HCOOH 
0=0-NH 
H 
R-CH-GOOH + HCHO + 3PMS -> RCOOH + GO2 + M , + HGOOH. 
The authors have suggested a nucleophilic substitution mechanism. On 
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compraxing with enzyme-catalyzed decarboxylation-deamination of 
amino ac ids , Ramachandran and h i s co-workers assumed t h a t the 
oxidant reacted with GHp group of -N=CHp to give the ac t iva ted 
complex ( I ) idiich in the rate-determining s tep rearranges to 
give ( I I ) and COp- In "tiie oxidat ion of amino ac ids by PMS in the 
presence of aldehyde, catalyzed decarboxylative deaminative ox i -
dat ion i s very f a s t . This i s in accord with Snell , who showed 
tha t the reac t ion of amino acids are normally catalyzed by pyridoxal 
phosphate-dependent enzymes. 
195 Ramachc'indran Sc Vivekanandam ^^ a lso studied the k i n e t i c s of 
oxidat ion of some d ie ta ry important amino acids i n the presence 
and absence of formaldehyde by peroxo-mono-sulfate (PMS). The 
r e s u l t s show tha t the reac t ion r a t e can be represented as , 
and in the presence of formaldehyde the r a t e law i s , 
- ^ P ^ = K^CAA][HCHO][PMS] + k^[HCHO][PMS]. 
The authors suggested tha t i n amino ac ids , containing s t rongly 
e lec t ron withdrawing groups, the decarboxylation i s rapid probably 
2_ 
due t o an induct ive ef fec t , t he order of r e a c t i v i t y of SO, with 
the th ree amino acids - HCHO systems i s threonine >Phenylalanine 
>Iso leuc ine . 
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196 Bishnoi and Banergi have studied the k i n e t i c s of the 
oxidat ion of eight a-amino acids "by N-bromoacetamide in aqueous 
perch lor ic acid so lu t ion . The reac t ion i s of f i r s t order with 
respect to the oxidant and the amino acid. The r a t e of oxidation 
decreases l i n e a r l y with an increase i n hydrogen ion concentra t ion. 
The r a t e i s decreased by the addi t ion of acetamide. Hypobromous 
acid has been postti lated as the reac t ive oxidis ing spec ies . 
RCH (NH2)0OOH + MeCOl^Br + H2O > 
ECHO + KeQOm^ + NH^  + Br" + CO2. 
k, 
MeCONHElr + H2O ^-^-^ MeCOMg + HOBr 
The mechanism proposed by Bishnoi and Banerji for t h i s oxidat ion i s , 
HH., MBr 
' '- slow ' 
R - C - H + HOBr SiSJL^ R - G - H + H2O 
OOOH COOH 
A 
H - H i Br 
;ri fast J. 
R - ( b - H ^ R - C = NH + CO2 + H"^  + Br" 
0 = C - ( O H H 
H 
R - C = NH + H2O — ^ ^ ^ — > RGHO + HH,. 
The above mechanism i s supported by the effect of st inicture on 
the r eac t ion r a t e . In t roduct ion of e lec t ron donating groups 
increases the nuc leoph i l i c i ty of amino group and f e l i c i t a t e s the 
formation of the N-bromo der iva t ive e lec t ron with-drawing groups, 
however, have a reverse e f fec t . 
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197 Harada ajid Takasaki studied the oxidat ion of amino acids 
i n aqueous so lu t ion induced by Argon arc plasma. These authors 
have foTind tha t Argon arc plasma induced a powerful and clean 
stepwise oxidat ion reac t ion in aqueous so lu t ion containing var ious 
amino acids without using any oxidizing agent. The ac t ive ox id i -
zing species are hydroxyl r ad i ca l s produced by the d i s s o c i a t i o n 
of water. 
Kine t ics of photo-promoted hypochlorite oxidat ion of a-amino 
acid and i r r a d i a t i o n effect on degradation were s tudied by Ogata 
198 
et a l . . Simple a-amino acids often present i n municipal 
waste-water,, i s considered as one of the major organic po l lu t an t s 
i n seas and l akes . Treatment of a-amino acids with sodium hypo-
c h l o r i t e i n the dark i s known to cause the s t recker degradation 
leading to COp* MH^  and aldehydes (possessing one l e s s carbon 
199 200 
atom ) . Langheld postulated a mechanism involving N-chloro 
amino acid , but only l imi ted information i s ava i lab le regarding 
the k i n e t i c s and mechanistic aspect . 
^ H .CO 
R - G - COOH ^^0^^ > R - C - OO^Na "^^•^> R - C - CO^Na ^ 
T t 2 II 2 
^ ? H2O 
R - 0 = NH —: > NH^  + R - C = 0 
UV spectra and amino acid determination ( 2 , 4 - d i n i t r o f luoro benzene 
method) suggest t ha t the intermediate N-chloro amino acid i s formed 
quickly at an i n i t i a l s tage , then i t s slow oxidat ive decomposition 
48 
takes place to give aldehyde, GOp and NH,. The mechanism i s also 
supported by the fac t tha t the oxidat ion follows the f i r s t order 
r a t e expression, 
- d[RCII(M2)C00H]/dt = k^[RCH(NH01)C02H]. 
Axen '^ and h i s co-workers studied the oxidat ion of several 
sulphur containing amino acids to sulfoxides with excess d i e t h y l -
azo-dicarboxylate at room temperature i n various solvent systems. 
The aqueous condit ions lead to hydrolys is at an appreciable r a t e 
with the evolution of ni trogen and carbondioxide, probably through 
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an in termediate diimine. The adduct i s probably formed by an 
i n i t i a l a t tack of the sulfur atom upon the azo grouping with 
subsequent rearrangement t o the G-N addi t ion products . A syiametric 
oxidat ion of t h ioe the r s to sulfoxides i s known in metabolism ^^'^OA^ 
The oxidat ion of glycine sind several o ther amino ac ids , and 
onK 
carboxylic acids by Ag(II) has been studied by Anil and Neta . 
Transient spect ra k i n e t i c s , and product analys is i nd i ca t e t h a t 
the mechanism involves two s t eps . The f i r s t step i s formation 
of a complex between Ag(II) and the s u b s t r a t e . The second s tep 
i s an e lec t ron t r a n s f e r from the carbonyl group to the Ag(II) 
with i n the complex. As a r e s u l t , the subs t ra te undergoes 
decarboxylat ion. The r a t e constants for complexation and oxidations 
were determined for a v a r i e t y of subs t ra tes and with d i f fe ren t 
forms of J ig(I l ) , i . e . aquo, hydroxo and ammino complexes. 
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AgOH"^  + Gly •* HOAg-^ -'-Gly 
Ag+ QS > AgOH+ - Q J ^ Ag(0H)2 
&ly 
Ag^Gly 
&ly 
* HOAg-^%y 5=^Ag-'--^(Gly), 
Ag^-^(Giy). > Ag-^Qly + H^lfCH^cdVCor Gly Ag^H^NCH^CO* ) 
' 2 ^ " 2 " " 2 2" " " 2 " " 2' 
H2NCH2CO2 ^ H2NOH2 + CO2 
2H2N5H2' 
'H2NCH2CH2M2 
C!H2^ ==^NH + H2O •* CHjO + NH,. 
The r a t e oJ! complexat ion depend on both t h e s t r u c t u r e of t h e 
s u b s t r a t e and on n a t u r e of r e a c t i n g s p e c i e s forming A g ( I l ) . The 
e l e c t r o n - d o n a t i n g p r o p e r t i e s of methyl g roups and e l e c t r o n with 
+ 
drawing p r o p e r t y of HH^ group i n f l u e n c e t h e r a t e of e l e c t r o n 
t r a n s f e r . 
Mar t in and Spence have i n v e s t i g a t e d the o x i d a t i o n of 
L - c y s t e i n e and g l u t a t h i o n e by Mo(VI) i n phosphate b u f f e r a t pH 7.5 
f o r a p o s s i b l e model of s i m i l a r r e a c t i o n s i n molybdenum enzymes. 
No evidence was found f o r complex fo rmat ion between Mo(VI) and 
e i t h e r c y s t e i n e o r g l u t a t h i o n e . However, Mo(V) h a s been r e p o r t e d 
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t o form a s t r o n g 1:2 complex wi th c y s t e i n e , and a very weak 
monomeric,esr - a c t i v e complex i s formed with g l u t a t h i o n e . 
Complexes of Mo(VI) and Mo(V) with c y s t e i n e has been i n v e s t i -
207—209 ga ted by s e v e r a l workers . A 1:1 d imer ic Mo(V) - Cys te ine 
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complex has been determined by Knox and Prout . Mo(V) has been 
r e p o r t e d to g i v e anesr s i g n a l , s i m i l a r t o the s i g n a l observed wi th 
211 the enzymes 
The obseirvations r e p o r t e d by Mar t in and Spence siiggest t h e 
fo l lowing mechanism f o r t h e o x i d a t i o n of Cys te ine by Mo(VI), 
M0O4" + Cys ^ = = * Mo(VI)0^Cys^•" 
3-Mo(VI)0^Cys + Cys »Mo(V)O^Cys^" + Cys* 
Mo(V)o^Cys^" + Cys : ; ;=^Mo(V)02(Cys)^ ' 
2Mo(V)02(Cys)^" =i Mo(V)203(Cys)J 4-
2 Cys 
-> Cyst ine 
• • • 
• • • 
9 * * 
• • • 
• • • 
(1) 
(2) 
(3) 
(4) 
(5) 
The above mechanism shows 1:1 Mo(VI)-Cysteine complex r e a c t s 
wi th ano ther c y s t e i n e i n t h e r a t e - c o n t r o l l i n g s t e p ( 2 ) , whi le 
e q u i l i b r i a (3) and (4) and r e a c t i o n (5) account f o r t h e fo imat ion 
of t h e p r o d u c t s . The r a t e of d i s appea rance of Mo(VI) may be 
w r i t t e n : 
2--
- d [Mo(VI ) ] / c i t= k^[Mo(VI)][Cys] - k_^[Mo(VI)O^Cys^"] 
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i f k_3_>lJ:2[,Cya], giving. 
k k 
-d[Mo(VI)]/dt = r ^ [Mo(VI)][Cys]^ 
The reac t ion of Glutathione with Mo(VI) shows a d i f ferent 
mechanism. Here the r a t e i s independent of Mo(7I) concentrat ion 
and the r a t - c o n t r o l l i n g step involves only Glutathione. Calvin' 
has reported the various possibly cyc l i c forms of Glutathione in 
acid so lu t ion . An unreact ive form (GSH*)» poss ib le a cycl ic 
th ioe^her , i s supposed t o be in equilibrium with the r eac t ive 
form (GSH). 
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GSH' ? = = i 
OMrt / MT \ .i- (1CSTI — 
cnO\^i.) + uroil 
2Mo(V) ;;= 
Mo(V) + GSH - -
2GS* — 
GSH 
_ , .^ M n ^ V ^ 1 n"L 
^ Mo(Y) . 
= ^ Mo(Y) GSH 
—*• GSSG 
• • * 
• • « 
• • 4 
. (6) 
. (7) 
. (8) 
. (9) 
(10) 
In this mechanism (eq. 6) is the rate-controlling step, which 
produces the reactive form GSH. The rate law may be expressed 
as, 
-d[Mo(VI)]/dt = k2[Mo(7I)][GSH] 
i f k ,_^kp[Mo(VI)], t h i s reduces to the second order r a t e 
expression, 
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k k 
-d [Mo(Vl ) ] /d t = — ^ [Mo(Vl)][GSH»]. 
- 1 
Oxida t ion of D- lys ine by D-amino ac id ox idase has been 
213 i n v e s t i g a t e d by Yagi e t a l . Oxygen consumed and D- lys ine 
o x i d i z e d , a r e c o n s i d e r a b l y in f luenced by a c i d i c c o n d i t i o n of 
t h e medium, p a r t i c u l a r l y on the i o n i z a t i o n of NH, group of t h e 
s u b s t r a t e . At pH 8 , 3 , t h e o x i d a t i o n of D- lys ine i s slow because 
t h e enzyme forms a s t a b l e complex with p i p e r i d i n e - 2 - c a r b o x y l a t e . 
But when t h e pH i s r a i s e d up to 10, however, t h e i n h i b i t i o n 
d i s a p p e a r s , and t h e enzyme shows t h e maximal a c t i v i t y towards 
D - l y s i n e , I n t h e absence of oxygen, a p u r p l e i n t e r m e d i a t e 
accumula te s . S t u d i e s of v i s i b l e a b s o r p t i o n , ORD and BSR measure-
ments have shown t h a t t h i s p u r p l e complex i s e s s e n t i a l l y i d e n t i c a l 
wi th t h e " l i n e a r complex" of t h i s enzyme wi th D - a l a n i n e . 
Bacon" and h i s co-workers have i n v e s t i g a t e d t h e s i l v e r -
c a t a l y z e d o x i d a t i o n of secondary a l i p h a t i c amines and a-amino 
a c i d s by cold aqueous p e r s u l f a t e . The convers ion of a-amino 
a c i d s i n t o a ldehydes i s proposed 
R, ^ 
M2 - CH - 00" + S20Q~ + OH" ^ ^ ^ > 
RCHO + M , + GO2 + 230^" . 
S i m i l a r convers ion , wi th o t h e r i n o r g a n i c o x i d a n t s i n c l u d i n g 
215 2+^'"'^ 
b o i l i n g aqueous p e r s u l f a t e , t h e HpO^-^e r e a g e n t , and 
217 
s i l v e r ( I ) oxide , g ive ve ry poor y i e l d of a ldehydes 
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was observed. Becon et a l . reported tha t t he oxidat ion of 
DL-methionine carr ied out under t he standard condi t ions , o r 
with minor v a r i a t i o n s , gave no evidence of aldehyde formation. 
The t o t a l products of some of these oxidat ions were i so l a t ed by-
evaporation under reduced pressure and examined by paper chroma-
tography with water-n-butanol-acetic acid mixture. 
Kine t i c and product s tud ies hare been made in aqueous 
pe rch lo r i c acid so lu t ion with d i f fe ren t amino ac ids using 
cobalt ( I I I ) by Sheikh and Waters . The reported observat ions 
show tha t i n strong ac id ic medium butylamine and benzylamine are 
oxidized very slowly by cobalt ( I I I ) . The r eac t ion occurs by 
d i r e c t outersphere a t tack of the coba l t i c ion on the hydro carbon 
skeleton of the amine. a-Amino acids are oxidized more rapid ly 
to the corresponding amines. The reac t ions a r e of the f i r s t 
order with respect to [cobalt ( I I I ) ] and the 
inverse ly propor t ional to the ac id i ty and not affected by the 
presence of cobalt ( I I ) . The mechanism proposed by Sheikh and 
Waters fo r these oxidations i s , 
amino ac id , and 
I 2 
R - 0 - H +[Co(H20)g] 3+; 
?2 
CO^H 
ROH C0(H20)4 
2 + 
C^ — 0 
II 
0 
+ H20+H,0'^ (1) 
Or 
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R - G - H + [CoCHgO)^] 3+ 
CO^H 
E H 
O - O - O - C O C H ^ O ) ^ 
+ H,0' (2) 
NH3 1MH3 
I 
R - C 
I 
H 
C - 0 - 0 - Co-^-^-^CH^O)^ 
TI 
^•^°^> R - C - H + 00^ + Co(aq: 
R - C» 
I 
H 
Co^^^,H50 
f a s t r» H—CHO + M, (5) 
Though a-amino acids from chelate complexes with cobalt ( I I I ) as 
shown by (eq. 1) in s t rongly ac id ic so lu t ions . Under t h i s 
According to Sheikh and Waters the formation of chela te complexing 
r +i2— 
with protonated amino acid should show a LH J dependence reac t ion 
but t h i s was not observed. I t appears t ha t these oxidat ions do 
not follow the route for bio-chemical oxidat ion, v i z . , 
R-CH(ira2)—CO2H » R-CO-CO2H R-CO2H. 
A direct attack on the NH2(NH,) group is not involved. The 
oxidation of all a-amino acids give ammonia, this was tested 
by Nessler's reagent. 
Frieden has commented on the biological significance 
and the catalytic function of copper (II) during the amino acid 
metabolism. 
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The k i n e t i c s and mechanism of oxidat ion of several amino 
acids by many researchers in d i f fe ren t media by the more common 
254 
oxidants such as by phenylisothiocyanate , by debaromyces 
255 256 
Kloeckeri , photo oxidat ion of amino acids by chlorophyll , 
257 
with a lka l ine bromine , by hydrogen peroxide i n a lka l ine 
258 259 261 
media and aqueous media , by chicken l i v e r microsomes , 260 by chlor ine water and sodium hydrochlor i te , by potassitua 
peimangaaiate in a lka l ine , neu t ra l and ac id ic media, and in 
a lka l ine hydrogen peroxide , by N-bromoacetamide , by a lka l ine 
hexacyano f e r r a t e ( I I I ) , have been given in the t abu la r 
form^-^^"'-^^*^^^"^^^' 578,379^ ^^^^^ i nves t iga t ions have been 
carr ied out probably with an aim of an analogous model systems 
for the enzymic oxidat ion of amino ac id s . 
In iall these reac t ions , the oxidation products of the amino 
acids are the corresponding aldehyde, ammonia, amines, n i t r i l e s 
ke to -ac ids , aldimine Sch i f f ' s bases and corbondioxide. I t i s a 
well kno i^m fact tha t aldehydes tend t o condense with amino acids 
to give Sch i f f ' s bases . The importance of amino-acid-aldehyde 
condensations in biosystems i s well es tabl ished . The 
biologicial ac t ive vitamin pyridoxal phosphate i s the co-factor 
fo r enzyme c a t a l y s i s , in var ious reac t ions of amino ac ids , such 
as the t r ans fe r of amino group to an oxo-acid, a r eac t ion 
?fi5—?fi7 
centre to b iosynthesis and catabolism of most amino acids 
The metabolic r e l a t ionsh ip between a-amino acids and a-keto-acids 
has been recognized for years 
56 
177 Murakiajni et a l . has studied the k i n e t i c s and mechanism 
of transamination reac t ion of L-phenyl alanine with hydrophobic 
pyridoxal in ves i cu la r and mice l la r phases. The b io log ica l 
t ransaminat ion of a-amino acids with an a-keto acid, catalyzed 
by the vitamin Bg - dependent transaminase, proceeds through a 
s h u t t l e mechanism involving r eve r s ib l e isomerizat ion between 
two p a i r s of aldimine Schiffs bases . Even though the ro l e of 
the co-enzyme, pyridoxal 5-ph03phate, has been c l a r i f i e d by 
adopting simple model systems, the c a t a l y t i c a c t i v i t y of such 
systems i s l e s s e f f i c i en t than tha t of the enzyme ^ » ^ ' ^ , 
I t i s evident from the survey of the current l i t e r a t u r e on 
the oxidat ion of amino acids tha t the enzymatic oxidat ions v ia 
keto acid i s not very common with inorganic oxidants . The effect 
of hydrogen ion concentrat ion and reac t ion medium br ings about 
changes in the k i n e t i c parameters and mechanisms of the r eac t ion . 
Although oxidat ion of ce r t a in amino acids by acid permanganate 
has been reported ' * , but some important ones have 
been ignored, perhaps because the reac t ion was too f a s t . Then, 
as s ta ted e a r l i e r , micel les can and dp play an important ro le in 
many b io log ica l processes . We were the re fo re , a t t r a c t e d t o 
study oxidat ion of amino acids both in the presence and inorder 
to make a comparative study. 
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G. Oxidation by Permanganate in Acidic Meditun 
Potassium permanganate is probably the most powerful exten-
sively used oxidizing agent. Its reversible electrode potential 
in strong acidic meditun for the 5-electron reduction to 
manganese (II) is 1.5 volts. However, reversible electrode 
potentials usually givesonly a rough idea of an oxidizing agents 
strength in practical terms, because most of the organic oxida-
tions proceed under non-equilibrium conditions. Hence, the rates 
of these reactions may vary widely, depending on the stmicture 
of the substrate and the presence of catalytic species, practically 
acids and bases. The great reactivity of permangajiate as an 
oxidant is reflected in its ability to use different reaction 
paths, depending on the structure of the organic substrate, and 
271 272 depending on the acidity of the medium * . In alkaline, 
neutral and weakly acidic solution, the valence change of the 
manganese is from YII to IV, and the end product is manganese 
dioxide. In stxongly acid solution, the permanganate ion is 
further reduced, to Mn(ll). 
Generally all kinetic investigations of permanganate 
oxidations have been carried out in aqueous solution. A few 
273 
studies in aqueous acetic acid solutions have also been reported , 
because, perhaps, due to the fact that acetic acid is not attacked 
by MnOT. The characteristic purple color of permanganate is due 
u 
to the t e t r a h e d r a l permanganate ion MnOT. I t exchanges i t s 
oxygens with aqueous solvent rapidly in acid so lu t ion but more 
slowly in neut ra l and a lka l ine so lu t ion . Manganate often seems 
to be formed d i r e c t l y from permanganate by a 1 - equivalent 
r eac t ion and, indeed, i t can. be p rec ip i t a t ed almost i n s t a n t a -
neously, as the highly insoluble barium s a l t . An i n i t i a l 
2- equiva].ent s tep producing manganese (V) may never the less be 
occurring, since i t i s known tha t the Wa^^^—Mn'''^ r eac t ion i s 
very fast^'"'^'^'^'^^. 
Mangaaate ion i s known to exchange i t s oxygen atoms with 
the solvent i n aqueous so lu t ion much l e s s rap id ly than does 
permanganate with an exception, the oxidat ion of organic 
subs t r a t e s by manganate i s much slower than those by permanganate, 
e . g . , the r e l a t i v e oxidation r a t e s of ben25ohydrol, (CgHc)2GE[0H 
- = 277 
by MnO- and MnO^  are 40:1 . The oxidation of a s e r i e s of 
subs t i tu ted benzaldehydes gave almost i den t i c a l r a t e s with 
?7ft 
manganate and permanganate ion with MnOp as the end product 
Potassium manganate has been used as a dihydroxylating 
279 
agent fo r double bonds , and i t i s said to be super ior to 
permanganate. 
The blue hypo manganate ion MnO^  i s s t ab le only in very 
? 7 R ? fin 
s t rongly a lka l ine so lu t ion » . In so lu t ion l e s s a lka l ine 
than 10-molar potassium hydroxide, i t d i spropor t iona tes to 
manganate and manganese dioxide. I t i s suspected of playing 
65 
a s ign i f i can t ro l e as an intermediate i n permanganate oxidat ions 
y 
s ince a 2-equivalent reduction of the l a t e r wi l l produce Mn . 
I t s extreme i n s t a b i l i t y , however, under normal reac t ion condit ions 
makes i t T?irtually impossible to de tec t in most permanganate 
oxidations. 
Mang;anese dioxide is the usual product of reduction of 
permanganate in all, but in strongly basic solutions, manganate 
fails to disproportionate. Although its solubility is low, the 
precipitation of MnOp may be long delayed in the presence of 
phosphate ions, and due to formation of a yellow coloured solution. 
The manganese dioxide produced by the reduction of permanganate 
in aqueous solution is in itself rather a feeble oxidant. 
In oxidations by permanganate different stages of the 
reaction often involve different oxidative processes, and the 
kinetics of the overall reaction may be highly complex one. There 
is considerable evidence that, with many reactions of permangnate 
in acid media, some of the oxidation is performed by ions derived 
from the tri and tetravelent states of mgoiganese. These ions 
are formed by reaction between di and hepta valent ions. Divalent 
ions are always present in solutions of permanganate, in minute 
4. 4.. 280 concentrations 
Ions involving an intermediate valence state of manganese are 
produced by the Guyard reaction . 
66 
MnO^  + 2Mn^ "^  •> Mn^ "*" + 2Mn02 + H2O 
Mn^ "*" + MnO^  ,± Mn^ "*" + MnOg + OH 
Therefore, the d i r e c t oxidat ion hy permanganate ions i s 
i s one p o s s i b i l i t y (b) but several ions derived from e i t h e r 
or both of the Mn(ll l ) and Mn(IY) s t a t e s , such as MnO^ "*", MnO"*", 
2-MnO^ e t c . , g ives hydrolys is equil ibrium, may also take paarb 
pop 
in oxidizing the subs t r a t e . Abel has proposed tha t several 
such intea-TEediates are always formed in various s tages of 
reduct ion of permanganate. 
A c h a r a c t e r i s t i c fea ture of r eac t ions in which intermediate 
manganese ions are important oxidizing e n t i t i e s i s the sigmoid 
foim of the react ion- t ime curves, s ince manganous ions- act as 
au toca t a ly s t . 
The oxidat ion of inorganic substances i s l e s s complicated 
than oxidat ion of organic substances, the r eac t ion between 
permanganate and inorganic substances have received very l i t t l e 
a t t e n t i o n . 
Webster and Halpem -^ have studied k i n e t i c s of the reac t ion 
of potassium permanganate hydrogen. These authors s tudied the 
k i n e t i c s over a wide range of pH, and found tha t under a l l condi-
t i o n s the reac t ion i s of the f i r s t order with respec t to both 
permangaiaate and hydrogen ion concentra t ions . In agreement with 
67 
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with Just and Kauko , they suggested a reaction mechanism 
involving the intermediate formation of some species containing 
Mn(Y) which may perhaps be MnO|~ or MnOZ. Wilke and Khun 
found that the reduction of permanganate by hydrogen takes place 
more rapidly in neutral than in acid or alkaline medial. Reaction 
is initially slow but accelerates as reaction proceeds, assuming 
the formation of manganate or the formation of colloidal manganese 
283 
dioxide. Webster and Halpner -^  have also studied the silver-
catalyzed reduction of permanganate by molecular hydrogen. Hein 
and Daniel have observed that silver ion accelerates the 
?87 
permanganate - hydrogen reaction . Kinetic studies show that 
the rate of the catalyzed reaction is given by, 
- - ^ = k[H2][MnO-][ig"*"] 
The proposed mechanism suggests an intermediate foimation of 
Mn(YI) in the presence of s i l v e r ions . The r eac t ion between 
hydrazine and permanganate in acid solut ion genera l ly produces 
both nitiragen gas and ammonium s a l t s . Abel assumes tha t 
hydrazine plays a dual r o l e , i t can act e i t h e r as an e lec t ron 
donar: 
H2H4 > M2 + NH^ + e 
or as an e lec t ron acceptor: 
B^E^ + e &. M " + HH2 
68 
I n t h e f i r s t ca se , t h e n i t r o g e n gas i s produced by t h e fo l lowing 
s e r i e s of s t e p s : 
Mn^ "*" + N2H4 > Mn^^"-^^ + M 2 + NH2 
M 2 + Mn^ "^  > Mn^ "^"^ "^*" + mi^ 
m 2 » HH + H"^  
MH + Mn^ -*- » Mn^^"^^^ + NH"*" 
m"*" + H2O » imoH + H"*" 
2HH0H * M==HOH + H2O 
HN=NOH » N2 + H2O 
Here Mn^^""''-^''' can be MnO^"", MnO^ , Mn02, Mn^ "*" o r Mn^ "*". I f t h e 
hyd raz ine a c t s a s an e l e c t r o n a c c e p t o r , ammonium i o n s a r e formed 
2_ 
and t h e lower v a l e n c e s t a t e s of manganese, e . g . , MnO^ e t c . a r e 
t h e e l e c t r o n donors . 
Mn^ "*" + N2H^ > Mn^^"-^^"^ + NH2 + M 2 
Mn^ "^  + NH2 >- Mn^ '^^ -'-^ "*' + NH" 
NH" + H"*" *• m^ 
290 Kurtenacker and Neusser ^ studied the reaction between hydroxyl 
amine and potassium permanganate. They have reported that in 
69 
strong alka3.ine so lu t ion n i t r i t e ions and n i t rous oxides are 
formed, while in weak a lka l ine media n i t rogen i s the oxidat ion 
product . In strong ac id ic solut ion n i t r i c acid i s produced. 
pqx Riesenfeld tmd. Chang have reported tha t the react ion- t ime 
cuzrve i s wave-shaped. They a lso observed a per iod ic va r i a t i on 
of amount of react ion with time in the reac t ions of permanganate 
with hydrazine and hypophospheric acid. The k i n e t i c s of the 
small group of react ions which show react ion- t ime curves s t i l l 
ava i t s e luc ida t ion hut t h i s fea ture i s often associated with 
292 
evalut ion of gas from a so lu t ion . 
293 Limanowski studied the reac t ion of potassium permanganate 
and hydrogen proxide in ac id ic medium and given the equation. 
2Mno~ + 5H2O2 + en"*" > 5MS'^ + 8H2O + 5O2 
294.-296 Fouinat ^^ ^ and others have studied the reaction in both 
alkaline and acid media. The reaction-time curves, vdiich are 
steep initially and then become wave like, are explained in terms 
of a sequence of two reactions one homogeneous and the other 
catalyzed by the colloidal manganese dioxide. 
Tompkins^ -^^ and his associates have attempted to show 
that these are two principal mechanisms by idiich organic compounds 
are oxidized by acid permanganate, one mechanism proceeds by 
direct oxidation by the permanganate ion, and the second involves 
70 
t h e p r i o r format ion of t h e Mn ion and subsequent o x i d a t i o n by 
hydroxyl r a d i c a l s produced from t h i s ion and wa te r . I t i s 
p o s t u l a t e d t h a t the r a d i c a l mechanism i s c h a r a c t e r i z e d by an 
i n i t i a l i n d u c t i o n p e r i o d , >diile t h e d i r e c t o x i d a t i o n by t h e 
permanganate i on i s of t h e second o r d e r . I f t h e r e a c t i o n 
i n v o l v e s t h e p r i o r format ion of Mn i o n s , t h e a c t i v a t i o n 
energy f o r t h e r e a c t i o n i s g r e a t e r t h a n vhen permanganate i o n s 
a r e d i r e c t l y i nvo lved . According t o Tompkins and o t h e r s t h e 
two mechanisms i n t h e o x i d a t i o n of formic acid"^ '^^ and 
2Q8 2 , 6 - d i n i t r o p h e n o l ^ a r e , 
MnOT + HCOO" >• MnOZ + OO2 + 0H~ slow 
2Mn0l + H2O * Mn02 + HMnO" + OH*" f a s t 
HMnO^ + HCOO" *- Mn02 + CO 2 + 201"" f a s t 
The r a t e - d e t e r m i n i n g s t e p i s t he b i m o l e c u l a r r e a c t i o n between 
t h e formate and permanganate i o n s . 
The second mechanism i s exh ib i t ed by t h e o x i d a t i o n of 
2 , 6 - d i n i t r o p h e n o l . The fo l lowing sequence i s t h e fo rmat ion of 
Mn-^ "*" i on t o produce Mn i o n s . 
Mn^ '^ H- MnO^ : ? = i Mn^'''+ M o | ~ 
Mn^ "*"-*- M 0^" ? = i Mn^"^+ M 0^ + OH' 
Mn^ '*"+ M 0^ ;===i Mn^ "*'+ M O2 + OH" 
71 
Oxida t ion of 2 , 6 - d i n i t r o p h e n o l then fo l lows t h e cou r se : 
2Mn '^^  *- Mn"^ "^  + Mn^ "^  
y[^^+ > Mn^ "^  + OH + H"^  
Mn^ "^  > Mn02 + 4H'^  
Mn02 + 2H'^  > Mn^ "^  + 20H" 
CgH^(N02)20H CgH5(N02)0" + H"^  
CgH3(N02)20H + OH > CgH3(N02)2(0H)2 
CgH3(N02)2(0H)2 » A 
A + OH » B 
B + OH > C 
302 According t o Tompkins t h e i n d u c t i o n per iod v a r i e s i n v e r s e l y 
with the simount of manganese d iox ide p r e s e n t , us ing t u r b i d i m e t r i c 
methods, he has shown t h a t the maximum r a t e of p r o d u c t i o n of 
manganese d iox ide (T? ^ ) obeys t h e equa t i on 
k'[Mn04][[Mn^'*']-k"} 
^ ^ ^ 1 + k[H+] [ ^ 
and the reciprocal of the induction period (t' ) is given by the 
equation 
^^^. _ k-,{[MnO-]^k2}{[Mn^^] 4- k3} [Mn02] 
72 
On the bas i s of these, the mechanism proposed by Tompkins fo r 
Guyard reac t ion i a : 
Mn^^ + MnO~ + H^ O 5 = = i Mn^ "^  + HMnO" + OH" 
HI4nO^ + Mn^ "*" + 0H~ ^•^^*> 2Mn02 "*" ^2° 
mriP'^ ». Mn^ "^  + Mn^ "^  
Mn"^ "^  + H2O » Mn^ "*" + OH + H"*" 
Mn^ "*" + OH > Mn^ "^  + 0H~ 
Mn"^ "^  + OH" !* Mn(OH) '^^  » Mn02 
The above mechanism accounts for the effect of complexing anions 
"5+ 
on the maximum r a t e , s ince these reac t with Mn ions and i n h i b i t 
the reac t ion . The length of the induction period i s proport ional 
to the amount of the complex that i s formed, 
305 Drumraond and Waters'^ a s soc ia t e the occurrence of an 
induct ion period with the slow i n i t i a l reduction of the per-
manganate ion and subsequent prodaction by the Guyard reac t ion 
of more r eac t ive species of lower valence s t a t e s . They point 
out t h a t , on one hand, peimanganate ions w i l l a t t ack o l e f in i c 
bonds viiile the t r i v a l e n t manganic s t a t e does not, and on the 
other , permanganate ions are inac t ive towards oxal ic acid \Aiile 
the trivjalent s t a t e i s very a c t i v e . 
D:nammond, Levesley, and Waters, in a s e r i e s of papers 
have attempted to i s o l a t e the various stages in the reduction of 
73 
permanganate ions by organic s u b s t r a t e s . The f i r s t paper deals 
- 2-
with the MnO. ^ MnO, stages i n a lka l ine so lu t ion \jhich 
remove the manganate ions as insoluble barium manganate. The 
subsequent papers deal with the oxidat ion of organic compounds 
by the complex manganic pyrophosphate ion; i n iriiich the complexes 
of manganic pyrophosphate anion breakdown to give f ree r a d i c a l s 
which have been detected by t h e i r a b i l i t y to i n i t i a t e v inyl 
polymerization. Malonate complexes of t r i v a l e n t manganese has 
"512 
a lso been described by Oartledge and Nichols . 
Waters studied the oxidat ion of naphthalene and potassium 
permanganate i n excess of ace t i c anhydride the products were 
a-naphthyl ace t i c acid. 
CH2CO2H 
KMnO. 
AC2O 
514. Cul l i s and ladbury studied the oxidat ion of s ide chains 
in toluene subs t i tu ted to luenes , ethyl benzene, isopropyl 
benzene, sind n-propyl benzene by potassium permanganate in 
aqueous ace t i c acid medium. In these papers they observed tha t 
peinnanganate i s reduced to the manganese dioxide s tage , and the 
oxidat ion occurs in a stepwise manner. According to these 
researchers ' the manganic ion i s not the sole at tacking 
species and p2X)bably permanganate ion a lso plays some p a r t . The 
74 
i n i t i a l reac t ion i s genera l ly of the f i r s t order with respect 
to both the permanganate and the organic compound, but t h i s 
simple k i n e t i c r e l a t ionsh ip i s never maintained beyond the 
i n i t i a l stjages of the reac t ion; indeed, second-order k i n e t i c s 
are frequently found for the i n i t i a l s tages of acid permanganates 
2Q7 '51'5-''517 
oxidat ions '-^ -^ . Signioid forms of the react ion- t ime curves 
are found for severa l compounds s tudied . The product ana lys i s 
of the oxidation of var ious mono a lky l s es tabl ished t h a t the 
a-carbon was the i n i t i a l point of a t t ack . 
318 
Euzlov and Shamoni studied the oxidation of 4 - s t y r y l - 2 -
phenyl-5,6-benzoquinoline by potassiiua permanganate in wide range 
of pH 7 to 13 . They observed tha t the oxidat ion of benzoquinoline ] 
at pH'^7 gave the benzoquinolines I I . According t o ABel the f i r s t 
s tage i n finy permanganate oxidat ion i s one e lec t ron abs t r ac t ion 
from the s u b s t r a t e . 
MnOT + e » MnO ~^ 
which is then followed, in acid media, by the reaction. 
MnO^~ + 4H"'" » MnO^ "^  + 21^0. 
2+ The MnD ion then performs further oxidation. 
The oxidation and mechanism of formic acid was studied 
320 301 
by Wiberg and Stewart"^  * . They observed that formate ion 
75 
acts as an electron donor. 
? . 0 
MnO^ + H-C-0" ^ Mno|" + H-C-0 
Mno|"+ 4H'^  ^ = ^ Mn02 + 2H2O 
MnO "^^  + HCOO > MnOj + H"^  + CO2 
Mnot + HCOO" > MnO^ + HOOO 2 ' """" """2 
+ 
,+ MnO^ + HCOO > Mn02 + H" + CO2. 
The oxidation of citric acid by acid permanganate has been 
323 
studied by Bhale et al. . They find that the reaction time 
curves are sigmoid, and that the rate is decreased by the addition 
of potassium fluoride and increased by the addition of manganous 
sulfate. They believe that a mechanism similar to that siiggested 
297 by Alexander and Tompkins for the oxidation of 2,6-dinitro-
phenol explains various observations. 
A kinetic study of the reaction between acid permanganate 
and tartaric acid has been made by Sanz-G-arcia "" . A two-
stage reaction in which complex formation occurs is guggested by 
these authors. The oxidation of oleic acid by permanganate in 
alkaline medium has been studied by Wiberg and Saegebairth 
in the course of an investigation into the mechanism of hydro-
xylation of several olefinic compounds. 
76 
H - C -
II 
H - G -
+ MnO, 
I N 
- * MnO" 
1 / 
H-C-0 
H2O I 
-> H - C - OH 
H - C - 0-Mn* 
V H - C - OH 
I 
H - C - OH 
OH 
I 
Mn VII 
H - C - OH 
G = 0 
H - G - OH 
H2O 
H - C - 0-Mn VI 
325 Oandlin and H a l p e m s tud ied t h e permanganate o x i d a t i o n 
of formate ion complexed t o c o b a l t ( I I I ) . The mechanism of t h i s 
r e a c t i o n appears t o be a hydrogen atom a b s t r a c t i o n . The r e a c t i o n 
t a k e s two d i f f e r e n t p a t h s ; i n one, t h e c o b a l t ( I I I ) a c t s as an 
ox idan t t o g e t h e r wi th t h e permanganate i o n , and i n the o t h e r , 
t h e permanganate i on a lone o x i d i z e s t h e fo rmate . 
. I l l I I I , (NH^)5Co-^-^-'(HG0p + MnO" »• [(NH^)5Go-'-'-'(C02) ] + HMnO, 
GO"^ "^  + CO, V 
J I I T [ (NH^) ^ Oo-^ -^ -^ H^O ]+G02+Mn VI 
The i n t e r m e d i a t e i s formed by 1 -equ iva l en t s t e p , vAiich undergoes 
e i t h e r i n t e r n a l o x i d a t i o n - r e d u c t i o n forming c o b a l t ( I I ) and 
carbondioxide o r , i f more permanganate i s a v a i l a b l e , a second 
1 - e q u i v a l e n t o x i d a t i o n of t h e o r g a n i c l i g a n d t o ca rbondiox ide 
o c c u r s . The r e a c t i o n r a t e and a c t i v a t i o n pa ramete r s a r e r a t h e r 
77 
s imi l a r to those of the normal formate-permanganate reac t ion 
aad i t may be due to the hydrogen atom abs t r ac t ion . 
"O2CH + MnO^  —^-^^^ > CO 2 + HMnO^  
tlO" + KnO~ • '^^^'^ > 00 2 + MnO^ 
Oil 
CO2 + MnO^ > O^O-O-KnO'Z > 00^ + MnO, 
L 
2 - MnO^ 
A de ta i l ed mechanistic analys is of the oxidation of 
326 permanganate and oxalate ion was done by Harcourt and Esson 
2MnO~ + 5C2OI" + 16H"*" *• aMn^ "^  + IOCO2 + 8H2O. 
"527 According to Launer-^ , when d i l u t e so lu t ions of potassium 
permanganate, oxal ic acid, and su l fur ic acid are mixed, the r a t e 
of r eac t ion shows a sigmoid dependence on t ime. I f oxalate ions 
are present in l a rge excess and i f manganous ions are also added 
i n i t i a l l y , the react ion obeys a f i r s t - o r d e r law and the r a t e i s 
328 329 l a r g e l y independent of the manganous-ion concentrat ion * • 
The color of ac id i f ied so lu t ions of permanganate and oxala te 
changes through cherry-red, brown and yellow to co lour l e s s . The 
3— d i f fe ren t colors are associated with the red [Mn(C20.)] and 
yellow [MTLC0201)2(32^^^"" co^iple^ces 330 
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Skrabal reported that the principal oxidizing entity-
was assumed to be the manganic ion:thus when such ions are 
removed as mangani-fluoride complex, the purple peimanganate 
332 
color is retained. But Launer and lost concluded that the 
4+ 3+ 
oxidation is performed both by Mn and Mn-^  ions, the former 
being produced by the rapid process. 
2Mn04 + 3Mn^ '*" + ISH"^  > SMn"^ "^  + SH^O 
The relative amount of oxidation done by the two species depends 
on their concentrations ^ich are governed by disproportionation 
equilibrium. 
Mn^ -^  + Mn^ -^  ""^^^^ mn^"-
The subsequent mechanism proposed by Launer and Yost is, 
M^4+ ^  c^o2- Measurable., ^ ^^ 3+ ^  ^Q^ ^ QQ-
Mn^+ + CO; raEid_^ Mn^^ + GO 3 
Mn^^ + C2O2- , ^^^^^ ^ Vin{G^O^)l 
Mn5+ + 0 2 0 f Measurable, ^2+ ^ ^^^ ^ ^ Q -
Mn^ "^  + CO" ^^^^^ > Mn^ "^  + 003. 
But Launer and Yost found no exchange between manganous and 
permanganate ions, thus the equilibrium between these ions 
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involve a t l e a s t two intermediate valence s t a t e s of manganese 
which do not exchange with each o ther . The dependence of 
r a t e on hydrogen-ion concentrat ion i s in disagreement with the 
experiments of Launer, Laimer and Yost, and Duke. 
Oxidation of primary, secondary and t e r t i a r y amines with 
neu t ra l pe]:manganate was studied lay Shlechter and Surjan^-^^. 
The authors observed tha t amines containing hydrogen on alpha 
carbon to ni trogen undergo oxidat ive hydrolysis g iving cor res -
ponding aldehydes or ketones by buffered permanganate in warm 
aqueous t e r t i a r y butanol . 
In genera l , several authors have observed tha t the length 
of the cha;Ln in a lkyl groups i s of no s ignif icance i n oxidation 
with potassium permanganate. Aldehydes, aromatic a lcohols , and 
ke to-ac ids are read i ly oxidized, where as carboxylic ac ids , 
ketones, a l i p h a t i c a lcohols , hydroxy ac ids , amino ac ids and some 
334 
e s t e r s are not r ead i ly oxidized . The double bond of alkenes 
i s read i ly oxidized, and the benzene r ing of phenol and an i l ine 
are also attacked by potassium permanganate. 
335 Pujiwara and o thers studied the reac t ion of dichloro 
manganese (IV) Schiff-base complexes with water as a model for 
water oxidation in photosystem. They found tha t these manganese 
(IV) complexes react with water to l i b e r a t e molecular oxygen (O2) 
The maximum l i b e r a t i o n of Op i s observed at neu t ra l pH. The 
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proposed r e a c t i o n scheme i s , 
2Mn(IV)(L)2Cl2 + 2H2O -> 2Mn(lI)(L)2 + O2 + 4H"^  + 4Gl". 
The i n t e r m e d i a t e s i n t h e permanganate o x i d a t i o n of ma le ic 
and fumaric ac id s have been s tud i ed i n a c i d i c s o l u t i o n s by 
Simandi e t a l . "^^^^ The accumulat ion and decay of manganese 
( I I I ) h a s been demonstrated by t h e s topped-f low t e c h n i q u e . The 
concomitant f o u r - e l e c t r o n o x i d a t i o n of t h e s u b s t r a t e s l e a d s t o 
t h e format ion of formyl (hydroxy) a c e t i c a c i d . The subsequent 
r e a c t i o n s r e v e a l a complex p a t t e r n i n \*iich hydroxy malonic , 
g l y o x y l i c and o x a l i c a c i d s a re f u r t h e r i n t e r m e d i a t e s . The 
p roduc t d i s t r i b u t i o n has been determined a s a f u n c t i o n of t h e 
pH and t h e mole r a t i o of t h e r e a c t a n t s . Male ic and fumaric 
a c i d s a r e known to r e a c t with a c i d i c permanganate accord ing t o 
t h e s t o i c h i o m e t r i c e q u a t i o n . 
HO2C-CH GH-CO2H + 2MnO^ .2+ •* 3OO2 + HCO2H + aMn"" + 4H2O 
(1) 
The oxida,tion is accompanied by the evolution of 1.5 moles of 
GO2 per mole of permanganate consumed. 
H02-C!H=GH-C02H + MnO^ 
OHO 
CHOH 
CO2H 
H OH 
II 
C 
HO2C OH 
II 
+ Mn-'--'-^  + CO2 (2) 
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I + 2Mn I I I •* HO2C-GHOH-CO2H + 2Mn' I I 
[HM] 
4 [ l ] + 2MnO~ + 2Mn-'--'--'- > 4HM + 4Mn I I 
[ I I ] + MnO~ 
[III] 
[III] 
H-C 
?^.0 N. 
OH ^ 
I I I 
Mn^O, 
-» CHO-CO2H + CO2 + Mn I I I 
(C02H)2 + HCO2H + Mn I I I 
(3) 
(4) 
(5) 
(6) 
(7) 
This meohanism i n d i c a t e s t h a t t h e product i s due to t h e two 
e l e c t r o n o x i d a t i o n of compound [ l ] "by manganese. The apparen t 
absence of compe t i t ion with (2) i n d i c a t e s t h a t i n (4) MnOT i s 
consumed very r a p i d l y , p robably by r e a c t i n g wi th t h e f r e e 
r a d i c a l der ived from ( I ) by hydrogen atom a b s t r a c t i o n . 
The k i n e t i c s of t h e peiman.ganate o x i d a t i o n of male ic and 
fumar ic ac ids t o formyl (hydroxy) a c e t i c a c i d was a l so s t u d i e d 
by Simondi and Jaky-^^^*-^^ . I t was shown t o proceed v i a a 
f o u r - e l e c t r o n o x i d a t i o n of t h e s u b s t r a t e s y i e l d i n g formyl 
^hydroxy) a c e t i c ac id and manganese ( I I I ) . At l a t e r s t a g e s a 
v a r i e t y of o t h e r i n t e r m e d i a t e s and p r o d u c t s can be d e t e c t e d , 
i n d i c a t i n g a complex r e a c t i o n p a t t e r n . 
H02C-CH=GH-002H + MnO^ '^^ Q > OHO-CHOH-CO2H + Mn-^ ""--^  + CO2 
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The reaction is first order with respect to both MnOT and the 
substractes. The second-order rate constant depends strongly 
on the pH. The rate of inter conversion of the acid, the mono, 
and the di- anion is much higher than the rate of oxidation. 
MnOx + 
Kn 
K, 
n 
HA~ 
n 
. 2 -
-> X, 
• * X , (2 ) 
:i-. 
The rate-determining step of process ( l ) i s a bimolecular 
reac t ion between MnOT and any of the th ree poss ible maleic 
(fumaric) species . Assuming tha t t he d i s soc i a t i on e q u i l i b r i a 
are a t t a ined much f a s t e r than the r a t e of r eac t ion with per-
manganate, the r a t e law can be wr i t t en as 
2--
-dLMnO^J/dt = (k-j^ [H2A] + k2[HA~] + IC^EA''"] ) [MnO~] (3) 
The concentrat ions of the maleic (fumaric) species can be 
expressed from the mater ia l balance for the subs t r a t e and from 
the acid d i s soc ia t ion constants then equation (3) can be wr i t t en 
as , 
d[MnOT] ^i^H^ + ^ 2 ^ 1 ^ "^  ^-^^^F^ 
dt V 2 + H^ -" %2 
[H2A]^ [MnO"] (4) 
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i f [H2A] jJ^[MnO^]Q equation (4) i n t eg ra t e s to (5) 
2.303 log i - ^ = ^^-S 2_i:3i 1 2 - 2 j-g A]t = k[H,Alt (5) 
[MnO ]^ K^K^ + K^ajj+ 3^2 '^^ T '^  T 
This equation can be l inea r i zed using the known values of K-, and 
Kp to obtain the indiv idual r a t e constants k-, , kp and k , . 
The permanganate oxidation of propargyl alcohol (PA), b u t - 2 -
y n e - l , 4 - d i o l (BD) and propargyl chloride (PC) and bromide (PB) 
342 
was studied in aqueous perch lor ic acid by Simandi and Jaky . 
The mult i step oxidation of acetylene dicarboxyl ic a c i d ^ '^-^ *^ 
gives carbondioxide, soluble manganese (IV), manganese ( I I I ) , and 
oxal ic acid as in te rmedia tes . The f i r s t s tep i s the a t t ack of 
permanganate on the acetylene bond resu l t ing i n the formation 
of a f ive membered ring containing manganese (V). The process 
involves complete oxygen atom t r a n s f e r from MnOT to t he subs t r a t e . 
The stoichiometry for PA and BD depends on the s u b s t r a t e . MnOT 
mole r a t i o . Three l imi t ing cases has been observed. Majiganese 
( I I I ) has been detected as a short l ived in termedia te by the 
stopped-flow technique. The organic subs t r a t e s y ie ld a-p-dioxo-
in termedia tes , which are oxidized by manganese ( I I I ) t o the 
corresponding ac ids . In the presence of pyrophosphate, t he 
dioxo-compounds are s tab le products . Stopped-flow k i n e t i c 
measurements under conditions e l iminat ing in te r fe rence by the 
G-uyard react ion show tha t the r eac t ions are f i r s t order with 
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r e s p e c t t o both MnOT and t h e s u b s t r a t e s , and independent of pH 
between 0 .98 and 4 .9 
R-G = O-GH2 + MnO^ K 
R = H or CH2OH with X = OH; 
and R = PI with X = Br o r 0 1 , 
R 
G 
I! 
0 
^ Y Mn*0< 
/ \ 
XH2C 
/ 
0 
f a s t 
R-0=0 
0=0 + Mn 
/ 
CH2X 
I I I 
A s tudy of t h e s h o r t - l i v e d i n t e r m e d i a t e s of t h e permanganate 
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o x i d a t i o n of halogenomaleic a c i d s has r evea l ed t h a t an i n i t i a l 
4 - e l e c t r o n p r o c e s s occu r s , fol lowed by r e a c t i o n s between 
manganese ( I I I ) and t h e o rgan ic i n t e r m e d i a t e s . The main f e a t u r e s 
of o l e f i n o x i d a t i o n i n n e u t r a l and a l k a l i n e media have been 
elucidated"^^ '-^^•'. The o b s e r v a t i o n s r e v e a l e d t h a t aquo manganese 
( I I I ) i s a s h o r t - l i v e d i n t e r m e d i a t e in permanganate o x i d a t i o n s 
i n a c i d i c media ' * "" . I n t h e absence of pyrophosphate , 
manganese ( I I I ) i s not s t a b i l i z e d by complex fo rmat ion and 
d i s a p p e a r s by r ap id r e a c t i o n s with t h e o rgan i c i n t e r m e d i a t e s 
I I 
o r by compe t i t i ve d i s p r o p o r t i o n a t i o n i n t o Mn and manganese 
d i o x i d e . I n f a c t s t u d i e s show a t r a n s i e n t minima, on t h e s topped-
flow recorded a t 415 nm, which i n d i c a t e s t h a t 10% of t h e manganese 
( I I I ) formed undergoes d i s p o r p o r t i o n a t i o n r a t h e r t han r e a c t i o n s 
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with the organic intermediates. Sucsh minima may be due to a 
soluble manganese (IV) species, which appears to the precipi-
tation of manganese dioxide. According to stopped-flow kinetic 
measurements, the reaction is of the first order with respect 
to both reaotants. 
In general, mechanisms of permanganate oxidations are even 
more difficult to interpret from kinetic data, because the stable 
2+ inorganic end-products, Mn in acid solution and Mn02 in alkali, 
result from rapid secondary reactions of the Mn or Mn ion 
that is first formed from the permanganate. The ions (MnO.) 
and (MnO.) , are kown in crystal structures. There is no doubt 
now but that in mineral acid solution many of the oxidations 
effected bjr permanganate are actually due to the manganic ion, 
Mn5+. 
The permanganate oxidation of propiolic acid (PA) and 
phenyl propiolic acid (PPA) was studied in aqueous perchloric 
349 
acid by Simandi and Jaky .^ They reported that the rapid multi 
step processes involve the attack of MnOT on the bridge head 
atoms of the triple bond as the rate-determining step. 
R ' O^C ' QO^E + MnO^ + 3P r ^ " + 4H"'" > 
ff ° R - 'C - C - CO2H + Mn(P r ) ^ " + 2H2O. 
where R = H or pH 
This i s a t w o - e l e c t r o n p r o c e s s , r e s u l t i n g i n the fo rmat ion of a 
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shor t - l ived , cycl ic intermediate containing manganese (V), 
which then e i t he r decomposes to manganese ( I I I ) and a dioxo 
compound or r eac t s rapidly with MnOT v ia 
a . ^ 0 
R - C ^ C - 002H + MnO^ ^—> 
HO2C \o 
Mn^02 
0 0 
II II I I I R_C-0-002H + Mn 
Complex route to y ie ld manganese ( I I I ) and cleavage products . 
However, stopped-flow experiments reveal two read i ly d i s t i n -
guished react ions with PPA and PA. In both cases the l i f e - t ime 
of pyrophosphate manganese(lll) i s su f f i c i en t ly long to permit 
quenching of the reac t ion by rapid in fec t ion of s u l f i t e so lu t ion , 
which rap id ly reduces Mn to Mn . The s t r u c t u r e of a reac t ive 
acetylene can be depicted as . 
HO /^O 6-
V Ml 
G 6+ 
f 
R 
in which an electrophilic centre is created at a bridge and 
head atom of the triple bond owing to the mesomeric shift 
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caused by carboxy conjugation. 
•550 Sut ter and Park have studied the k i n e t i c s of the 
permanganate-iron ( I I ) redox reac t ion i n aqueous perch lor ic 
acid at 20^ *0 by using stopped-flow techniques. The disappearance 
of permatigfinate was followed at 525 nm, with the use of excess 
i ron , and <3onsisted of two consecutive f i r s t - o r d e r decays. This 
shows a simple two-step mechanism. 
k k 
MnOj + Fe^"^ ^ ^ O^MnOPe'*' ^ Mn(VI) + Pe ( I I I ) 
(1) 
since [Fe ^ ] and [H ] are held constant, the above scheme 
simplifies to, 
k. k 
A * B — > G (2) 
vdiere the observed r a t e constants , ^ p ^ ^ An? are the so lu t ions 
to a se t of coupled d i f f e r e n t i a l equation such as , 
\ ^ 
\^ = kj_[Pe^'^] + kg + k_^ 
1 9 9x 
1:0 + g - i l _ [Fe2*] 1-0 * AaC^e'*] 
The actufil fate of the complex is kinetic ally uncertain: however, 
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th ree p o s s i b i l i t i e s have been considered. 
O^MnOFe ^ *> MnO^  + F^^ (3) 
(Mn(Vir)-Pe(II) ) 
^ * HMnO" + FeOH "^^  (4) 
^ » O^MnOFe (5) 
(Mn(VI)-Fe(lII) 
equations (3) and (4) involve the formation of species , e i t h e r 
2_351-355 2+556 
Mn04 or FeOH tha t do not exis t i n acid so lu t ion , 
yet e i t he r reac t ion should be expected to be f e c i l i t a t e d by acid. 
No ef fec t on the k i n e t i c s i s seen in s tep (2) on varying the [H"^] 
concentra t ion, equation 5, i s an intramolecxilar e lec t ron t r ans fe r , 
which leaves the question of proton involvement unanswered. The 
authors observed the rapid disappearance of pale yellow-brown 
so lu t ion to the f i n a l c l ea r so lu t ion . This observation agrees 
best with equation 5. A few k i n e t i c runs made at 425 nm have 
the same values of \ p and ^ , as those obtained a t 525 nm. 
The product obtained from the reduction of potassium 
333 357-360 permanganate by t r imethyl amine ' in aqueous phosphate 
buffers has been iden t i f i ed as a soluble form of co l l o ida l 
manganese dioxide which i s s tabl ized i n so lu t ion by adsorption 
of phosphate ions on i t s surface. Manganese dioxide i s a brown 
9 
substance ^ o s e i n s o l u b i l i t y in water i s well-known. However, 
i t s p r ec ip i t a t i on i s found to be delayed in the presence of 
phosphate ions . Although i t has been suggested t h a t t h i s 
soluble species could be H^MnO,", HpMnO, or a phosphate 
362 complex . Accroding to these authors the h ighes t value of 
the absorbance corresponded to the s t a r t of p r e c i p i t a t i o n , and 
the subsec[uent decrease in i t s magnitude i s dae to the removal 
of MnOp from the so lu t ion by p r e c i p i t a t i o n . The time necessary 
f o r p3:ecipitation ( t ) was taken to be the period of time whidi 
elapsed between the end of 1dae permanganate t r imethyl amine 
reac t ion find observation at 418 nm. Since both permanganate 
363 ion and the observed manganese species absorb l i g h t a t 526 nm"^  . 
The absorbance a t t h i s wavelength can be wr i t ten as 
H52S) = e r «* e r «=°-°' (^ ' 
where £ „ and £ ^ are respec t ive ly the ex t inc t ion coef f i -
c i en t s of reactant and product at 526 nm, and C i s the peiman-
ganate concentrat ion, i t s i n i t i a l value being Co considering 
possible manganese intermediate Mn(VII) and Mn(IV), i f present 
at a l l , as n e g l i g i b l e . The permanganate ion i s t ransparent at 
418 nm the absorbance at t h i s wavelength wi l l be: 
A u i m = e f ^ (Co-O) (2) 
'(418) 
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where e* i s the ex t inc t ion co-eff ic ient of the product a t 
418 nm. Then from eq .{ l ) and (2) i t can be deduced tha t 
_ 526 ^ r, 526 526w 418 -, 
The s t a b i l i t y of the co l lo ida l p a r t i c l e s in so lu t ion i s due to 
the e l e c t r o s t a t i c charge t h a t increases the energy necessary 
to surmount t h e i r mutual repuls ion, and s ince t h i s charge i s 
or ig inated by the se lec t ive adsorption of phosphate ions on 
the surface of co l lo ida l manganese dioxide, an increase in the 
phosphate concentrat ion w i l l r e su l t in an increase in the 
amount of phosphate ions adsorbed and, so, in an increase in 
the apparent energy of ac t iva t ion of the f l occu l a t i on process. 
The permanganate ion oxidation of the anions of propenoic 
ac id , 2-3iethyl-2-propenoic acid , (B)-3-aryl-2-propenoic ac ids , 
(B)-2-butenoic acid , and (E)-3-tnethyl-2-butenoic acid was studied 
by Freeman and Kappos in phosphate buffered s o l u t i o n s . The 
influences of methyl subs t i t u t i on a t the double bond and the 
ef fec ts of e lec t ron- re leas ing groups and electron-with drawing 
groups on the r a t e of oxidation are discussed. Theoretical 
ca lcu la t ions suggest t ha t permanganate reac ts with carbon-
carbon double bonds to give a metallocyclo oxetane which 
rearranges to give the five-membered cycl ic hypomanganate. fh is 
i s formed when two d -o rb i t a l s a re avai lable fo r bonding to a 
single oxygen. 
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.^ 
0 = 0 
\^ / / 
Mn • 
/ W 
'0 0 
-> Mn 
/ \v 
' 0 0 
1 
0 
\ 
1 
0 
/ 
Mn 
/ 
•) 
'^ 
0 
(1) 
Freeman and Kappos studied the reac t ion spectrophotometrical ly 
a t 418 nm the formation of a r e l a t i v e l y s table manganese species 
during the permanganate ion oxidation of carbon-carbon double 
bond. This intermediate i s regarded as a soluble ( co l l o ida l ) 
MnOp* The k i n e t i c s of the permanganate ion oxidation of the 
anions of a ,p-unsaturated carboxylic acids was studied under 
pseudo f i r s t - o r d e r condit ions in phosphate buffered so lu t ions 
The r a t e of disappearance of permanganate ion was monitored at 
526 nm, and at the r a t e of formation of the manganese species 
was observed at 418 nm pseudo- f i r s t -o rder r a t e constants (k^) 
were calculated from the slopes of p lo t s of - ln(A+ - Aoo ) . 
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- d[MnOT]/dt = k[carboxylate ion][MnOT] (2 ) 
The reac t ion appears to be bimolecular between the carbon-carbon 
double bond and permanganate ion. Charge-transfer complexes(OTC) 
may be involved p r io r to the rate-determining s t e p . 
H 
^6^5 
13= 
..<^°^2 
^6^5 
+ MnO. 
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H. cor 
^G C 
^ \ \ 
\ \ 
0 0 
Mn 
/ / \ 
0 0 
H GO; 
\ f ^ 
^ \ \ 
0 P 1 
0 0 
\ / 
Mn 
/ \ -
0 0 
The small effect of subs t i tuent s on the r a t e s of peimanganate 
ion oxidation of (E)-3-aryl-2-p2X)penoates are of i n t e r e s t since 
both e lec t ron- re lea r ing and electron-withdrawing groups increase 
the r a t e of oxidat ion. The s tud ies conducted by Preeman and 
Kappos ind ica te the following: a) an ambiphilic na ture fo r 
permanganate ion; b) an act ivated complex which i s more s t a b i l i z e d 
than reactant by electron-withdrawing or e l ec t ron- re leas ing groups 
(c) a reactant t ha t i s s t ab i l i zed by e lec t ron- re leas ing groups; 
d) and a reactant tha t i s des tab i l ized by electron-withdrawing 
g roups 
364-366 
,365 Lee and Brown have pointed out tha t the Hammett p lot 
fo r the permanganate ion oxidation of 1 ,2-d iary l ethenes in 
aqueous dioxane i s concave. The l i n e a r r e l a t i onsh ip between 
363 
absrobances a t 418 and 526 nm also ind ica tes t h a t product 
formation occurs a t the same r a t e as the reac t ion of permanganate 
ion and tha t the species whidi absorbs l i g h t a t 418 and 526 nm 
367—369 i s soluble ( co l lo ida l ) manganese dioxide-"^ "^ , The s t ab le 
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mangajiese (IV) complexes may be polymeric in nature. 
The kinetics of the peimanganate ion oxidation of substi-
tuted a,p-unsaturated carboxylate ions were investigated by 
"570 Freeman and Kappos in phosphate buffered solutions . The 
oxidation of a,p-unsaturated carboxylate ions, corresponding 
to the disappearance of the permanganate ion peak at 526 nm is 
the appearance of the characteristic spectrum of manganese 
dioxide. Spectrophotometric and titrimetric analyses have 
been shown in this manganese species has the oxidation state, 
Mn(IV). 
The k i n e t i c s and mechanism of the permanganate ion oxidat ion 
of (B)-3-(2- thienyl) -2-propenoates and B-3-(3- th ienyl-2-prope-
noates have been s tudied at 418, 526, 584, 660 nm in phosphate-
371 buffered so lu t ions . The authors have reported tha t the 
reac t ion i s of the f i r s t - o r d e r in permanganate ion and f i r s t -
order in subs t r a t e . The r a t e determining s t ep leading to the 
formation of a metal lo-cyclo oxetane or a cyc l ic manganate (V) 
d i e s t e r i s supported by low entha lp ies of ac t i va t ion and large 
negative ent ropies of ac t i va t ion and small subs t i tuen t e f fec t s . 
The ambiphilic nature of permanganate ion i s suggested. Accor-
ding t o the authors the k i n e t i c data i s in agreement with a 
bimolecular ac t ivated complex involving subs t ra te and perman-
ganate ion. No d i rec t evidence was observed for metallocyclo 
oxetane and the manganate (V) e s t e r , although they may be 
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transitory intermediates during the oxidation prooess'^ '^ .^ Typical 
ultra voilet-visible changes for the permanganate ion oxidation 
of double bonds show excellent isobestic points which indicates 
a direct intei-'conversion without any build up of an intermediate. 
However, if the manganese (V) diester is formed, it has a short 
life time and is very rapidly converted to soluble (colloidal) 
manganese dioxide. 
372 Abiko^' et al. studied the oxidation of aldehydes to 
carboxylic acids in the tert-butylalcohol-aqueous sodium 
dihydrogen phosphate system with potassium permanganate. 
Aldehydic compounds with one or more protected hyd2X)xyl groups 
are effectively oxidized with ZMnO. to the corresponding carbo-
xylic acids using a mixture t-butanol and aqueous sodium hydrogen 
phosphate. 
The oxidation of amino acids by potassium permanganate has 
been explored by many researchers^^^'^^^'^^^'^'^^*^^^'^'^^'^'^^ in 
220 
various media, Shastry et al. has studied the kinetic study 
of homogenous acid catalyzed oxidation of certain amino acids by 
potassium permanganate in moderately concentrated acidic media. 
According to Shastry and his co-workers the rate of oxidation of 
amino acids by potassium permanganate in aqueous sulphuric and 
perchloric acid solution is proportional to the concentration 
of the amino acid. For each amino acid, the total order of 
the reaction is two at a given concentration of sulphuric and 
95 
p e r c h l o r i c a c i d . The r a t e of o x i d a t i o n of t h e amino a c i d s i s 
g r e a t e r i n suJ-phuric ac id than i n p e r c h l o r i c a c i d . Var ious 
mechanisms of a c i d c a t a l y s i s were compared by S h a s t r y and h i s 
co-workers and i t was found t h a t t h e r a t e i s r e l a t e d t o t h e 
a c t i v i t y of water i n accord wi th B u n n e t t ' s h y p o t h e s i s . The 
l o g a r i t h m of t h e r a t e cons t an t i s l i n e a r l y r e l a t e d to i o n i c 
s t r e n g t h and s p e c i f i c i o n i c e f f e c t s have a l so been observed by 
Shas t ry e t a l . and t h e mechanism proposed i s ; 
"^ 'NH^ CHRGO^  + H"^  •'• ^ •*'ra5CHRG02H (1) 
K 
MnO^ + H"^  ^ ^ HMnO^ (2) 
]^ 
"^ NH^CHRC02H+HMnO^+H20 —^^^^ > ^NH,CHRC(?2+HMn04+H^0'*' (5) 
'*'NH^CHRa(?2 " - ^ ^ ^ "^M,CHR + OO2 (4) 
•^NH,,SlR + HMnO^ — £ a s t _ ^ •^NH2=0HR + H"^  + HMnO^ (5) 
•^m2=GHR + H2O — t M L ^ ROHO + KH, + H^ (6) 
HMnOT degrades wi th r e s p e c t t o o x i d a t i o n s t a t e s of Mn(VI) t o 
Mn( l l ) a s fo l lows , 
EtoO" + R » Mn^ "*" + P (7) 
which could be w r i t t e n a s : 
^«(VI) rJT.Inl'^ > Mndl) (8) 
sequence ^ ' ^ ' 
9fi 
The above mechanism leads to Shastry et a l . to give the rate 
expression. 
-d[MnO^]/dt = k[amino acid][MnO~] (9) 
at a given concentration of acid, the k i s given by 
k = - ^ \ ^^ ^ (10) 
I+K:2 [H ] 
According to Shastry et al. similar mechanisms for one equivalent 
oxidative decarboxylation has been proposed by many resear-
265 376 377 
chers ' '"^  . The rates of oxidation of amino acids in 
moderately concentrated sulphuric and perchloric acid by 
potassium permanganate are in the order leucine>glycine>valine -p-
alanine. The order of the relative reactivities of the amino 
acids is in accord with the views of Pokrovskaya who observed 
that amino acids with an even number of atoms in the carbon chain 
are more easily oxidized in acidic media than those with an odd 
number of atoms. 
A great deal of work has been done on the kinetic and 
mechanism of oxidation of various organic compounds by potassium 
380 
permanganate idiich is evident by the current literature survey, 
but very few systematic studies on the kinetics of the oxidation 
of amino acids by this powerful oxidant has been carried out. 
Most of the researchers have ignored the formation of Mn(IV) 
97 
Observed at 420 run - as an intermediate. Also, the sigmoid 
curves for [Mn07] vs time has received hardly any attention. 
Our present aim is to resolve various missing points and study 
the role of micelles in oxidative decarboxylation of amino acids, 
98 
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TxnertmenlT^l 
Materials 
Reagents used in the kinetic studies are listed in Table 1 
along with their respective commercial grade. These reagents 
were used as received and were reasonably of high purity 
(>99;.). 
Table - 1 : List of Reagents 
Name Symbol Grade Supplier 
DL-Serine 
DL-Isoleucine 
DL-Leucine 
L(+) Glutamic acid 
L(-) Tryptophan 
Potassium Permanganate 
Perchloric acid 
Sodium perchlorate 
Sodium dodecyl sulfate 
S 
I 
L 
G 
W 
KMnO^ 
HCIO4 
NaClO^ 
SDS 
AR 
AR 
AR 
AR 
AR 
AR 
GR 
AR 
AR 
BDH England 
Merck Germany 
BDH England 
Merck Germany 
BDH England 
Merck Germany 
Merck Germany 
BDH England 
BDH England 
Sodium dodecyl sulfate (SDS) supplied by BDH (England) was 
used without further purification. To be sure of our results a 
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sample of 3D3 was purified "by a double recrystallization from 
ethanol and no significant change appeared in the results. 
2 
Georges and Chen have also followed the same procedure while 
studying the catalytic effect of SDS. 
Solution Preparation 
Solutions were prepared immediately before use in water 
(that had been deionized and then slowly distilled from an all-
glass corning mega-pure apparatus) by directly weighing the 
required quantity. Potassium permanganate solution, however, 
3 
was prepared and estimated by a standard method . Ionic strength 
was adjusted by adding sodium perchlorate as solid. Appropriate 
quantity of sodium dodecyl sulfate as solid was dissolved in the 
substrate solution. These reagents were added as solid so as to 
maintain a constant and high concentrations of these reagents 
without increasing total volume of the reaction mixture thus 
avoiding wastage of the material. The kinetic studies were made 
through wide range of concentrations of amino acid, perchloric 
acid, sodium perchlorate and sodium dodecyl sulfate. As 
preliminary experiments showed that change in the concentration 
of oxidant had no effect on the reaction rate it was kept same 
throughout. 
Ionic Strength 
Preliminary studies show that there is no effect of ionic 
strength on the rate of dissappearance of permanganate ion as 
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well as on the formation of soluble ( co l lo ida l ) manganese 
dioxide. Sodium perd i lo ra te was used to maintain the ion ic 
s t rength of the so lu t ion . 
Instruments 
Following instruments were used f o r t he study of k ine t i c 
experiments and product ana lys i s . 
i ) Bausch and Lomn Spectronic - 20 
i i ) Hitech Stopped-flow Spectrophotometer ( for f a s t k i n e t i c 
s tudies) with 
a) Spectrometer support un i t model SF-5I( 
b) Spectrophotometer Control Unit Model SF-40C 
c) Apple I I Euro MCS-1 micro Computer 
d) Epson FX-80 P r i n t e r . 
iii) Perkin-Elmer 621 Infrared Spectrophotometer (for product 
analysis). 
Product Isolation and Anstlysis 
Conditions for the analysis of product were chosen as far 
as possible to match those of the kinetic runs. Acidified 
solution of the amino acid in large quantity were added to an 
appropriate volume of potassium permanganate. Solutions were 
mixed throughly and allowed to stand till the solution became 
colorless. The reaction mixture was then neutralized with 
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alkali, adding drop by drop. Also continuously checking the pH 
with litmus paper. After the neutralization equal volume of 
carbon tetrachloride was added and the flask was put on a shaker, 
the solution was then continuously shaken for 6-8 hours. Then 
the whole solution was transferred to a separating funnel and the 
lower portion was eluted. The extraction from the reaction 
mixture was done three times for each amino acid both in the 
presence and absence of SDS. This eluted portion was evapoirated 
at a reduced pressure and was dried completely. The solid 
substance was collected in air tight bottles. TLC plates were 
coated with silica-gel-TLC of the extracted product and the 
corresponding amino acid was ran on the same plate, Butanol, 
acetic acid and water mixture in the ratio of 4:1:5 (by volume) 
was used as solvent. The plate was taken out and dried in the 
Oven at 40^ ' and kept in the iodine chamber for developing. Only 
one spot was developed on the plate from the extracted substance 
and its R^ value was found to be different from the corresponding 
amino acid. This clearly indicated that the excess of uncreacted 
amino acid was not present in the extracted substance. The 
single spot of the extracted substance also indicated the purity 
of the reaction product which could be extracted from the reaction 
mixture. This was submitted for IR analysis. 
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Product Isolation in the Presence of 3DS 
The kinetic studies were also performed in the presence of 
SDS keeping other conditions same as choosen for the kinetic 
experiments in the absence of surfactant. After the completion 
of the reaction the same process of neutralization was employed 
as describedjabove. Carbon tetrachloride was used to extract 
the products of the oxidation in the presence of SDS. Which 
gave a white precipitate on adding carbon tetrachloride. Rest 
of the procedure has already been described above. The extracted 
dry substance was submitted for IR analysis. 
IR spectra were obtained with a Perkin-Elmer 621 Spectro-
photometer (calibrated with the 1601 cm"" absorption of poly-
styrene) in 001A, in Nujol, or as KBr disks. These IR spectra 
invariably show the peaks of amines. The presence of ammonia 
was confirmed by Nessler's reagent, the presence of aldehydes 
was detected by the usual test as the reaction product for 
all the amino acids in the presence and as well as in the 
6 n ? 
absence of SDS. Other workers » have also reported similar 
reaction products such as amine, COp, ammonia and aldehydes. 
Measurement of Oarbondioxide 
Carbondioxide evolved during the oxidation of amino acids 
in the presence and absence of SDS was measured over dilute 
sulphuric acid. To make sure that the evolved gas was only 
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Table - 2 : Carbondioxide Measured During t h e Oxida t ion of 
Amino ac id s 
Amino Acids 
Serine (S) 
Serine 
Isoleucine (I) 
laoleucine 
Leucine (L) 
Leucine 
Glutamic acid 
Grlutamic acid 
Trytophan (W) 
Trytophan 
(G) 
[AAJmoldm 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.10 
0.10 
0.01 
0.01 
[SDS]moldm~^ 
-
0.01 
-
0.01 
-
0.01 
-
0.01 
~ 
0.01 
OO2 cm' 
3.8 
2.6 
4.5 
2.2 
3.7 
1.5 
2.3 
1.5 
2.2 
1.4 
Stoichio-
metry 
8 
6 
10 
5 
8 
4 
5 
4 
5 
3 
Sto ich iomet ry = 
moles of COp evolved 
moles of MnOT consumed 
Temp. = 30° , [H"*"] = 0.10 moldm"^, \i = 0.20 moldm"^, 
[MnOT] = 2x10'"^ moldm"^, V ^ ^ ^ ^ = 100 cm^. 
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carbondioxide, it was passed through different in\;eptors. No 
gas could be collected \daen KOH was used as an injceptor and 
pyrogallol had no effect. The reaction vessel used for gasometric 
purpose consisted of two connected conical flask. In one of the 
conical flask requred reaction mixture was taken and the other 
contains KMnO. solution. After allowing for thermal equilibrium 
to be attained, KMnO. solution was mixed with the rest by giving 
a slight tilt to the reaction vessel. In Table 2 carbondioxide 
evolved is listed for different amino acids in both the conditions. 
Unreact"»d amino acid was quantitatively estimated by using 
usual Mnhydrin Test and measuring COp evolved. The colorometric 
measurements were not satisfactory because amine produced also 
reacted with Ninhydrin. 
Stoichiometry 
The following stoichiometry for the oxidation of different 
amino acids has been written on the basis of quantitative estima-
tion of CO-, evolved, amino acid and permanganate consumed. 
Isoleucine 
(8 + n)!"^ + ZEKrj + -^^0 4 (8 + n)C02 + 5NHJ + 5RCH0 + 
(3 + n)R'^H + 2Mn(IV) 
n = 12 
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Leucine 
(16 + n)!"*" + 5HM^ + lOH"^  4 (16 + n)C02 + 13HCH0 + l^NH^ + 
(3 + n)R'^H + SMn^ "*" + SH^O 
n = 24 
Glutamic ac id 
(11 + n)G'^ + mMrj + SH"*" 4 (11 + n'iC02 + 9HN4 + 9RGH0 + 
->+TT . + 2+ ( 1 + n ) r H + "^ HOH + mn^ + 6H2O 
n = 9 
Ser ine 
(15 + n)S'^ + 4HM^ + aH"*" -^ (10 + n)C02 + IONHJ + 25HGH0 + 
( 3 + n) Glycine + 4Mn '^'" + 6H2O 
n = 19 
Tryptophan 
(4 + njW^ + 2HM^ + H2O > (4 + n)C02 + 3RCH0 + 3NH4 + 
(1 + n)R"^ H + 2Mn(IV) 
n = 6. 
The following stoichiometry for the oxidation of different 
amino acids in the presence of SDS has been written on the basis 
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of quantitative estimation of COp evolved, amino acid and 
permanganate consumed. 
Isoleucine 
{6 + n)!'*' + ZHMrj + ^E^O 4 (6 + n)C02 + (3 + n)R'^H + 
3RCH0 + 5M^ + 2Mn(IV) 
n = 4 
Leucine 
(16 + n) L"^  + 4HM,^  + SH"^  ) (16 + n)G02 + (6 + n)R'*"H + 
lOHCHO + lONH^ + 4Mn '^*' + -5RpQ 
n = 0 
Grlutamic ac id 
(11 + n)Q^ + 4HM^ + SH"^  > (11 + n)C02 + gNH^ + 9RCH0 + 
R'^ H + R^OH + 4Mn^ "^  + 6H2O 
n = 1 
Ser ine 
(6 + n)S^ + ZEErj + 4H'^  -> (6 + n)G02 + IIHCHO + 5 ^ 4 + 
2+ ( 1 + n)Glyc ine + 2Mn^ + 3H2O 
n = 10 
132 
Tryptophan 
(4 + n)W'^  + 2HM„ + H2O •> (4 + n)C02 + 3RCH0 + 3 m | + 
•,+• (1 + n)R"^ H + 2Mn(lV) 
n = 2 
Where n r e p r e s e n t s the number of t imes t h e c y c l i c chain r e a c t i o n . 
nL^ "*" + R'"GOOH 
R'*"CO(? 
-> R'^ H + R'^ COd 
(amine ) 
-> R"^  + CO,] 
i s r e p e a t e d . 
F i n a l l y the r a d i c a l R , i s consumed by 
2^"^ + H2O -> R'^ H + RCHO + m t 
4 
leading to deamination of amino acid. 
Kinetic Runs 
Kinetic experiments were performed with a large excess of 
amino acids over the concentration of permanganate and obseinring 
the disappearance of permanganate at 525 nm and the formation of 
manganese dioxide at 420 nm. Preliminary tests showed that the 
potassium permanganate has the maximum absorbance at 525 nm. It 
13^ 
was also verified that variation in perchloric acid concentration 
from 0.05 to 0.20 moldm did not significantly changed the 
optical density or the position of maximum ahsorbance. 
Generally, the reaction was carried out in stoppered coming 
conical flasks at the required temperature. The temperatiire was 
maintained in a thermostated water bath with in +0.1 of the 
desired value. 
Solutions of amino acid, perchloric acid, and sodium 
perchlorate (generally added as solid to maintain the required 
ionic strength) were taken in the conical flask, an appropriate 
volume of potassium permanganate was taken in another flask. The 
two flasks were kept in the thermostated bath for 15 minutes to 
bring both the solutions at thermal equilibrium with the bath 
before starting the kinetic run. Then oxidant was added to the 
acidified solution of amino acid and mixed throughly by shaking. 
The reaction was followed by pipetting out 2 ml reaction mixture 
and adding it to 2 ml ice chilled water so as to slow down the 
reaction. All the spectrophotometric studies for serine(S), 
leucine(L), isoleucine(I), glutamic acid(Gr) were performed on 
Bausch and LOmb spectronic-20. The rates were determined by 
monitoring the disappearance of permanganate at 525 nm and by 
observing the rate of formation of the soluble (Colloidal) 
manganese species at 420 nm. Perezes et al.. Freeman et al. 
and others have also choosen the same wavelength while studying 
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7-10 the permanganate oxidations . All the rftactions were followed 
till at least 80^ ^ of the reaction was (measured in terms of 
absorbance at 525 nm). The disappearance of yellow color was 
attributed to reaction with Mn(IV) and it was also followed in 
some cases, Cartledge and Bricks have also reported the same 
observations in the change of color during the study of oxidation 
of oxalate by acid permanganate. 
Kinetic Experiments in the Presence of SD3 
Keeping the other conditions same as used in the absence of 
SDS, the -required SDS ( ]> cmc) was added as solid (to maintain 
the total volume) to the flask containing acidified slutions of 
amino acid and throughly shaken to dissolve SDS. The flask was 
kept in a thermostat bath to attain thermal equilibrium at 
required temperature. The other flask containing the solution 
of potassium permanganate was also allowed to attain the thermal 
equilibrium in the same bath. Then the two solutions were mixed 
and the disappearance of permanganate was measured at 525 nm by 
the usual procedure and the formation of (Colloidal) manganese 
dioxide was measured at 420 nm. 
Fast Kinetic Runs 
The fast kinetic runs in case of tryptophan was carried on a 
HI-Tech stopped-flow spectrophotometer model SF-3L and SF-40C, 
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thermostated within +0.1 of the required temperature. One 
syringe of t h i s apparatus contained the ac id i f i ed so lu t ion of 
amino acid at required ionic s t r eng th , while the o ther syringe 
contained the so lu t ion of potassium permanganate. The Hi-Tech 
stopped-flow spectrometer was connected to the stopped-flow 
spectrophotometer control u n i t . The da ta was col lec ted and 
analysed by Apple I I Euro Micro Processor the out-put was pr in ted 
on Epson PX-80 P r i n t e r . The ce l l path choosen for the k i n e t i c 
runs was 2 mm at s l i t width 0.5 mm. The zero absorbance was se t 
by manual b ias a t 525 nm (to follow Mn(VII)) and 100^ t ransmit tance 
was adjusted with BHT. When the sweeptime and run number were set 
then processor was pixigrammed to acquire the data for a p a r t i c u l a r 
run. At t h i s time the two syringes containing the respect ive 
so lu t ions were pushed with an a i r compressor and the micro switch 
t r iggered off and the computer acquired the data in the span of 
sweep time which was general ly kept a t 0.5 seconds. The same 
procedure was adopted to record the data in the presence of sodium 
dodecyl s u l f a t e . One syringe contained the so lu t ion of amino acid 
at desired [H"^] and ion ic s t rength and [SDS] while the other syringe 
contained so lu t ion of potassium permanganate. The r e s t of the 
procedure was the same as described e a r l i e r . Under the same 
condit ion a given run was repeated to follow the formation of 
soluble (Colloidal) manganese species at 420 nm. In genera l , 
every k i n e t i c run was repeat**d three t imes . Results exhibi ted 
excel lent r ep roduc ib i l i ty with standard devia t ion being b e t t e r 
than 3'/,' 
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ANiy:<Y3I3 OF OBSERVED PARAMETERS 
(a) Significance of the Plot Between Absorbance at 420 nm (A ) 
(A'^^^) V3 Time 
420 When we plot A vs time the absorbance is found to pass 
through a miaxima at diffe'^ ent concentrations of amino acids. 
However, as the concentration of amino acid is increased the 
maxima appears at a shorter time and in some cases it disappears. 
From these plots we may arrive at the following conclusions: 
(i) Since it has been reported by many workers that the absor-
bance at 420 nm is due to the formation of yellow colored 
colloidal Mn(lV), therefore, it is apparent that Mn(lV") is 
being fonned on the "^eduction of peirmanganate, 
(ii) That the formation of Mn(IY) commences as soon as the 
reactants are mixed and moreover, it has been observed that 
the disappearance of Mn(IV) afte>* the maxima depends on the 
nature of amino acid. Therefore, Mn(IV) can be treat«»d as 
the reaction product in some cases and in others as a 
reaction intermediate, shown in Table 3. 
This assumption is further supported by the fact that 
in case of isoleucine the plot between In A vs time is 
lineai: and from the slope the pseudo-first order rate contant 
has been evaluated. Moreover, at high amino acid concentration 
the plot between A^^^ vs A'^^^ (Vide Fig. 1) in a particular 
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0.501 
0.12 0.16 Q20 0.24 
A(420) 
FIG. 1 Plot of A(525.nrri)vs.AW20 ntn)durin9 
the reaction between permanganate and 
Isoleucine in the absence of SDS 
TEMP = 30° [llrO.Oemoldmf [H'^lrO-lOmoldni^ 
MZ 0.20moldmf [Mn0^1-2xlO'moldmf[SDS]=Nil 
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run is also found to be linear indicating that a constant 
fraction of Mn(VII) is being converted to Mn(IV) directly. 
However, at low amino acid concentration, the plot is not 
linear, this complication is attributed to the fact that 
Mn(III) or its complex which are formed as reaction inter-
mediates also absorb at 525 nm. 
Table - 3 : Nature of Mn(IV) Formation and the Correction 
Factor Used 
Amino acid Nature of Formation 
of Mn(IV) 
Factor R* 
Isoleucine ( I ) 
Leucine (L) 
Grlutajaic aicd (G) 
Serine (s) 
Tryptophan (W) 
Product 
Intermediate 
Intermediate 
Intermediate 
Product 
(A525/A^20)^ 
-do-
-do-
inf 
j^ _, Absorbance due to Mn(lV) at 525 nm 
Absorbance due to Mn(IV) at 420 nm 
A^25 ^ ^ 525 . ^ 420 ^  g* 
cor CDS 
H*=(A^>^^0),^. 
( i i i ) I t has been reported by several workers t h a t Mn(IY) a l so 
absorbs at 525 nm(Af ) . Therefore, in order t o est imate 
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the absorbance only due to Mn(YII) at 525 nm we can proceed 
as follows: 
A 5 2 5 _ ^525 _ 525 r^s 
525 
[A^ i s the absorbance due to Mn(IV) at 525 nm with the assump-
t i o n tha t no other manganese spB cies s u r r i v e s ] . In order t o 
est imate t h e absorbance due to MnCiV) at 525 nm we assume: 
Af Vef 5 = Af °/ef ° (2) 
giving, 
A f 5 = e 5 2 5 / e f ° x A f O (3) 
put t ing t h i s value in equation (1) we ge t , 
= A^^^(^^/er)xAfo (4) 
where R* i s (£^25/^420)^ (g^ 
According to Perezes the value of R* is 0.40. In our view 
factor R* depends upon the concentration of amino acid, perhaps 
due to adsorption of amino acid on manganese (IV) colloidal 
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p a r t i c l e s , the average s ize of the p a r t i c l e i s r e s t r i c t e d and 
the s c a t t e r i n g i s minimized. However, at low concentrat ion 
of amino acid due to l e s s adsorption the average s i ze of co l lo ida l 
p a r t i c l e grows and sca t t e r ing i s l a r g e . I t i s a l so apparent t ha t 
in a p a r t i c u l a r run the extent of s ca t t e r ing does not change with 
time because the plot between In A? vs time cannot be l i n e a r 
i f the molar absorption co-ef f ic ient of Mn(IV) ( e . ) i s changing 
with t ime. In d i f ferent runs the value of R changes but remains 
constant with t ime. Therefore, the correct ion f ac to r , R* wi l l 
vary from run to run and inorder to estimate i t s value we f ind 
CT O C A ^ r\ 
that ratio (A /A ^ ±-nf he comes more or less constant in th se 
cases where Mn(IV) appears as a reaction intermediate. Therefore, 
we have taJsen (A /A )-inf as a measure of R*. 
525 (b) Significance of the Plot of Absorbance at 525 nm (A ) 
vs Time 
525 
When we plot A vs time we observe t h a t for a fairly-
long time there i s no change in the absorbance. On increas ing 
the concentrat ion of amino acid the period during v^ich the 
absorbance remains unchanged ( t ) goes on decreasing. Many 
Q 
workers have assigned t h i s c h a r a c t e r i s t i c fea ture in acid 
permanganate oxidation t o the induction period because of the 
auto-cata] .yt ic ef fec t on Mn(II) of the r eac t ion r a t e . P re l imi -
nary s tudies show tha t Mn(II) has no effect on the oxidat ion 
r a t e of aroino acids and also inview of the f ac t t h a t the 
Hi 
formation of Mn(lV) is observed right from the commencement of 
the reaction, we "believe that the reduction of Mn(VII) also 
takes place right from the beginning. The absorbance at 525 nm 
is constant, most probably, due to the formation of Mn(III) or 
some of its complex. It clearly indicates that the formation 
of Mn(III) and Mn(IV) is taking place simultaneously. 
S25 When we plot A „:i vs time we find that at high amino acid 
^ cor ° 
concentration an exponential decay curve without any shoulder 
is observed. However, when the concentration of amino acid is 
525 low then A^^ vs time gives a curve with a shoulder indicating 
that in the initial stages of the reaction, the rate of dis-
appearance of Mn(III) or its complex is very slow. Therefore, 
525 
under these conditions A „;, could not be used to estimate the 
cor 
first order rate constants for the reduction of Mn(7II). 
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OXIDATION OF I30LEU0INE IN THE ABSENCE OF SD3 
Tables I I to 15 : Ef fec t of t h e Concen t ra t ion of I s o l e u c i n e 
on the Observed Rate Constant ( k . ) 
The c o n c e n t r a t i o n of i s o l e u c i n e was va r i ed from 0.02 t o 
0 .08 moldm""^, a t a f ixed [MnOT] = 2xlO~^ moldm"^ and 
[H"^] = 0.10 moldm , a t a cons tan t temperature = 30 , and 
-•5 
H = 0 .20 moldm ^ ad jus ted by sodium p e r c h l o r a t e . A l l t h e r a t e 
c o n s t a n t s a re t h e average of two i d e n t i c a l r u n s . 
Tables I6 t o 19 : Effec t of t h e [H"*"] on t h e Observed Rate 
Constant ( k . ) 
The c o n c e n t r a t i o n of hydrogen i on i s v a r i e d from 0.05 to 
0 .20 moldra"^, a t f ixed n = 0.20 moldm""^, [ l ] = 0 .04 moldm'^, 
[MnOT] = 2x10"'^ moldm"' and t empera tu re = 30° . A l l t h e r a t e 
c o n s t a n t s a re t h e average of two i d e n t i c a l r u n s . 
Tables 110 t o 115 : Ef fec t of Temperature on t h e Rate Constant ( k . ) 
— • ^ 
The temperature effect is studied in the range of 30° to 40° 
at different concentrations of isoleucine (0.02 and O.O4 moldm ), 
[H"*"] = 0.20 moldm"^, ji = 0.20 moldm"^, [MnO~] = 2x10""^  moldm"^ are 
fixed. Activation parameters are evaluated using linear least 
1 4 1 
square technique. The r e s u l t s are computed by using FORTRAN 
VAX - 11/780. All the r a t e constants are the average of 
a t l e a s t two or more i den t i c a l runs. 
At the end of the Tables various f igures have been 
presented with appropriate capt ions . 
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TABLE II EFFECT OF THE COhiCENTRATION OF 
ISCLEUCINE ON THE RATE CONSTANT IN THE 
ABSENCE OF SDS. 
420 420 
Time{nin> A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
50 
0.000 
0.070 
0. 130 
0. 150 
0. 190 
0.200 
0. 220 
0.230 
0. 240 
0.250 
0. 0000 
-2. 6592 
-2. 0402 
-1.8971 
-1.6607 
-1. 6094 
-1. 5141 
-1. 4696 
-1.4271 
-1.3862 
k. =1. oxlo-3s-l. J 
JL . 
TfcMP=30°, c n = 0 . 08moldm-3, CH'^3=0. lOmoldm-3, ! 
CI1nO.]=2xlO «noldin-3, fj=0. 20moldm-3, CSDS3=NIL. ! 
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TABLE 12 : EFFECT OF THE CONCENTRATION OF 
ISCLEUCINE ON THE RATE COTJSTANT IN THE 
ABSENCE OF SDS. 
Time(niin> 4 2 0 
obs 
i n A 
4 2 0 
obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
55 
70 
0. 000 
0.060 
0. 120 
0. 180 
0. 220 
0.250 
0. 270 
0.260 
0. 290 
0.310 
0. 320 
0.330 
0. 0000 
-2. 8134 
-2. 1202 
-1. 7147 
-1. 5141 
-1. 5141 
-1. 3093 
-1. 2735 
-1. 2378 
-1. 1711 
-1. 1394 
-1. 1086 
^ 
8. 3 x l o - 4 s 41 
TEMP=38, CI3=0. 06moldm-3, CH"^ 3 = 0. 10moldm-3i 
[:MnCJj'3=2> lo-4moldm-3. ji=0. 203oldm-3, CSDS3=NIL. 
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TABLE 13 : El-FECT OFTHE CCNCENTRATION OF 
ISOLEUCINE ON THE RATE COTiSTANT IN THE 
ABSENCE OF SDS. 
Time(Din) 
0 
5 
10 
15 
20 
25 
30 
40 
45 
55 
65 
75 
420 
A 
obs 
0. 000 
0.060 
0. 110 
0. 160 
0. 180 
0.200 
0. 230 
0.255 
0. 270 
0.280 
0. 290 
0.300 
420 
In A 
obs 
0. 0000 
-2. 8134 
-2. 2072 
-1. 8325 
-1.7147 
-1. 6032 
-1. 4916 
-1. 3664 
-1. 3093 
-1.2729 
-1. 2378 
-1. 2039 
It 
> 
Ct1nqj"3=2xlo-4nioldm-3. p=0. 20rnoIdm-3. CSDS3=NIL 
ICA=7. 3 x l o - 4 s - l . f 
Tt-MP=3o, CI3=0. 04moldm-3, W^1 = 0. 10.i»oldm-3, 
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TABLE 14 EFFECT OF THE COhJCENTRATION OF 
ISOLEUCINE ON THE RATE CONSTANT IN THE 
ABSENCE OF SDS. 
Time(nin) 
0 
5 
10 
15 
20 
30 
35 
40 
45 
50 
60 
65 
75 
95 
420 
A 
obs 
0.000 
0.050 
0. 095 
0. 130 
0. 160 
0.205 
0. 220 
0.240 
0. 250 
0.260 
0. 275 
0.280 
0. 290 
0.300 
420 
In A 
obs 
0. 0000 
-2. 9957 
-2. 3538 
-2. 0402 
-1. 8325 
-1. 5847 
-1. 5141 
-1. 4271 
-1. 3862 
-1.3470 
-1. 2909 
-1. 2729 
-1. 2378 
-1. 2039 
k^=6. oxlo-4s-l. 
TFMP=3o , En=o. o3n»oldm-3, CH'*'3=»o. lomoldm-3, 
CMn073=2»lo-4moldm-3,p=o. 2onoldm-3» CSDS3=NIL. 
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TABLE 15 EFFECT OF THE CONCENTRATION OF 
ISOLEUCIKE ON THE RATE CONSTANT IN THE 
ABSENCE OF SDS. 
Time(nin) 
0 
5 
10 
15 
25 
30 
45 
50 
55 
60 
70 
80 
95 
120 
420 
A 
obs 
0.000 
0.030 
0. 070 
0.095 
0. 140 
0. 180 
0. 200 
0.210 
0.220 
0.230 
0. 240 
0.250 
0. 260 
0.270 
420 
In A 
obs 
0. 0000 
-3. 5065 
~2. 6592 
-2. 3538 
-1. 9661 
-1. 7147 
~1. 6094 
-1. 5606 
-1. 5141 
-1. 4696 
-1. 4271 
-1. 3862 
-1. 3470 
-1. 3093 
TEM.f»=3o, CI3=o. o2omoldm-3, Z»*l=o. lomoldm~3, 
CMn(^3=2xlo-4moldm-3»;j=o. 2omoldm-3, i:SDS3=NIL. 
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TABLE 16 EFFECT OF THE CH'*'] ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time<nin) 
0 
5 
10 
15 
20 
30 
45 
60 
75 
85 
95 
115 
140 
420 
A 
ob& 
0. 000 
0. 025 
0.075 
0. 105 
0. 135 
0. 180 
0.230 
0. 265 
0. 290 
0. 300 
0.310 
0. 320 
0.330 
420 
In A 
obs 
0. 0000 
-3. 2188 
-2. 5902 
-2. 2537 
-2. 0024 
-1.7147 
-1. 4696 
-1. 3280 
-1.2378 
-1. 2039 
-1. 1711 
-1. 1394 
-1. 1086 
1± 
> 
CMnqf ]=2xlo-4moldm-3. fj==o. 2ofiolm-3i CSDS3=NIL. 
k-,=4. lxlo-4s-l. I 
I 
TE«P=3o, CI3=o. o4moldm-3* CH'*'3=o. 2omoldm-3* 
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TABLE 17 EFFECT OF THE CH"*'] ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time<nin) 
0 
5 
10 
15 
20 
30 
40 
45 
50 
60 
75 
90 
110 
420 
A 
obs 
0.000 
0. 060 
0. 100 
0. 140 
0. 170 
0. 225 
0.260 
0.275 
0.290 
0.310 
0.325 
0. 340 
0.350 
420 
In A 
obs 
0. 0000 
-2. 8134 
-2. 3025 
-1.9661 
-1.7719 
-1. 4916 
-1. 3470 
-1. 2909 
-1. 2378 
-1. 1711 
-1. 1239 
-1. 0788 
-1. 0498 
k. =5. 3xlo-4s-l. I i i : 
TEP1P=3o. tI3=0. 04moldm-3. CH"*"3 = 0. 15moldm-3, 
C}1nq^3=2xlo-4molclm-3, fJ=o. o2noldm-3, CSDS3=NIL. 
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TABLE 18 : EFFECT OF TKE CH+3 ON THE 
RATE COraSTANT IN THE ABSENCE OF SDS. 
420 420 
Time<nin) A In A 
obs obs 
0 
5 
10 
15 
20 
30 
40 
45 
55 
65 
75 
0. 000 
0.060 
0. 110 
0. 160 
0. 180 
0. 225 
0.255 
0. 270 
0.280 
0. 290 
0.300 
0. 0000 
-2. 8134 
-2. 2072 
-1. 8325 
-1. 7147 
-1. 4916 
-1. 3664 
-1. 3093 
-1. 2729 
-1. 2378 
-1. 2039 
k^=7. 3xlo-* s-1. I 
Ti-MP=3o, CI3=0. 04moldm-3i CH'*'3=o. lonoldm-3, 
UAnQ^l=2> lo-* moldn-3i p=o. 2omold(7>-3/ CSDS]=NIL. 
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TABLE 19 : EFFECT OF THE CH"*"] ON THE 
RATE CONSTANT IN THE ABSET^CE OF SDS. 
Time(nin) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
55 
60 
75 
420 
A 
obs 
0. 000 
0. 100 
0. 175 
0.240 
0.285 
0.320 
0. 350 
0.370 
0. 390 
0.400 
0. 420 
0.430 
0. 440 
420 
In A 
obs 
0. 0000 
-2. 3025 
-1. 7429 
-1.4271 
-1. 2552 
-1. 1394 
-1. 0498 
-0. 9942 
-0. 9416 
-0. 9162 
-0. 8675 
-0. 8439 
-0. 8209 
k4.=8. 3 x l o - * s - l . 
TEHP=3o*, c n = 0 . 04moldm-3, CH'*'3=0. 05moldm-3i 
CMn04 3=2x10-4- moldR)-3, M=o. 2orjoldm-3, CSDS3=NIL. 
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TABLE 110 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSO^CE OF SDS. 
TimeCnin) 
0 
5 
10 
15 
20 
25 
30 
45 
60 
75 
85 
100 
115 
130 
155 
420 
A 
obs 
0. 000 
0.025 
0. 055 
0.075 
0. 095 
0. 115 
0. 135 
0. 180 
0. 210 
0.230 
0. 250 
0.265 
0. 275 
0.290 
0. 300 
420 
In A 
obs 
0. 0000 
-3. 68ee 
-2. 9004 
-2. 5902 
-2. 3538 
-2. 1628 
-2. 0024 
-1. 7147 
-1. 5606 
-1. 4696 
-1. 3862 
-1. 3280 
-1. 2909 
-1. 2378 
-1. 2039 
k^ =3xlo-''-s-l. 
T&'iP=3Q', CI3=0. 02moldm-3, CH'*"3=0. 20noldm-3, 
CMnqj:3=2<lo-*moldm-3. ^ =o. 2onoldm-3, CSDS3=^NIL. 
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TABLE 111 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSQ^CE OF SDS. 
Time(nin) 
0 
5 
10 
15 
20 
25 
30 
35 
45 
60 
75 
90 
100 
120 
135 
420 
A 
obs 
0.000 
0.040 
0.080 
0. 110 
0. 140 
0. 165 
0. 185 
0.205 
0. 235 
0.270 
0. 295 
0.310 
0. 315 
0.325 
0. 330 
420 
In A 
obs 
0. 0000 
-3. 2188 
-2. 5257 
-2. 2072 
-1. 9661 
-1. 8018 
-1. 6873 
-1. 5847 
-1. 4481 
-1. 3093 
-1. 2207 
-1. 1711 
-1. 1551 
-1. 1239 
-1. 1086 
H(^=4. 3xlo-^s-l. I 
TEhP=3o, cn=0. 04moldm-3» CH'*"3=0. lOnoldm-3, ! 
[Mn0^3=2xlo-4-moldm-3i ^ =o. 2onoldm-3i CSDS3=NIL. i 
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TABLE 112 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time(nin) 
0 
5 
10 
15 
20 
25 
30 
35 
AO 
45 
60 
75 
90 
100 
420 
A 
obs 
0. 000 
0.040 
0. 075 
0. 105 
0. 130 
0. 150 
0. 170 
0. 185 
0. 195 
0.210 
0. 230 
0.245 
0. 255 
0.260 
420 
In A 
obs 
0. 0000 
-3. 2188 
-2. 5902 
-2. 2537 
-2. 0402 
-1. 8971 
-1. 7719 
-1. 6873 
-1. 6347 
-1. 5606 
-1. 4696 
-1. 4064 
-1. 3664 
-1.3470 
kA=5. 5X1Q-4-S-1. I 
TPhtP=35 , CI 3=0. 02moldm-3, EH"*"3=0. 20moldm~3, 
CMnq^3=2)(lo-4moldm-3//j=o. 2ofi>oldm-3i CSDS3=NIL. 
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TABLE 113 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time<nin) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
70 
420 
A 
obs 
0. 000 
0.080 
0. 145 
0. 190 
0. 225 
0.255 
0. 275 
0.295 
0. 305 
0.315 
0. 325 
0.330 
0. 340 
420 
In A 
obs 
0. 0000 
-2. 5257 
-1. 9310 
-1. 6607 
-1. 4916 
-1. 3664 
-1. 2909 
-1.2207 
-1. 1874 
-1. 1551 
-1. 1239 
-1. 1086 
-1. 0788 
k> =8. 6 x 1 0 - ^ 5 - 1 
TE«'iP=35'* , CI 3=0. 04moldm-3, CH"^3=0. 20moldm-3/ 
C«nq^3=2«lo-^moldm-3i p=o. 2onoldm-3* CSDS3=-NIL. 
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TABLE 114 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
420 420 
Time(nin> A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
65 
80 
0. 000 
0.040 
0. 080 
0. 110 
0. 135 
0. 155 
0. 175 
0. 185 
0. 200 
0.205 
0. 210 
0.220 
0. 230 
0.240 
0. 0000 
-3. 2188 
-2. 5257 
-2. 2072 
-2. 0024 
-1. 8643 
-1. 7429 
-1.6873 
-1. 6094 
-1. 5847 
-1. 5606 
-1. 5141 
-1. 4696 
-1. 4271 
kx=6. 5xlo-4s-l. ! 
A ! 
TFriP-40 , CID=0. 02moldm-3, EH"^ ]:^ 0. 20moldm-3, 
CMnO^3=2x10-^moldQ-3,jU=o. 2onoldm-3, CSDS3=NIL. 
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TABLE 115 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
420 420 
Time(nin> A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
50 
0. 000 
0.080 
0. 120 
0. 155 
0. 185 
0.200 
0. 215 
0.225 
0. 230 
0 240 
0. 0000 
2. 5257 
-2. 1202 
-1. 8643 
-1. 6873 
-1. 6094 
-1. 5371 
-1. 4916 
-1. 4696 
-1.4271 
H4=i. ixio-3s-i. j 
•3, 
CMn04"3=2xlo-*n?oldm-3,|j=o. 2onoldm-3/ CSDS3=NIL. 
TFNP^40'' , EI 3=0. 04moldm-3, CH+3^0. 20moldm- , } 
160 
FIG I Variation of the absorbance at 420nm with time at different concentration of 
Isoleucine in the absence of SDS. 
TEMP: ;30 ' tH*]:0.10mol<)m tMnO^l^axlO^'moldrri^ ;j= 0.20moldm^ (SDSl=Nil 
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OXIDATION OF ISOLEUGINE IN THE PEESENQE OF SD3 
Tables 116 to 120 ; Effect of the Concentration of Isoleucine 
on the Observed Rate Constatn (k.) 
The conditions were kept constant as described eailier in 
the absence of SDS to see the effect of the concentration of 
isoleucine under the condition that [SDS]^ cmc (O.Ol moldm ). 
All the rate constants are the average of atleast two identical 
inins. 
Tables 121 to 124 : Effect of the [H"*"] on the Observed Rate 
Constant (k.) 
The conditions employed were similar as described for the 
absence of SDS to see the effect of the [H"*"] under the conditions 
that [SDS] ^  cmc (0.01 moldm ). All the rate constants are the 
average of atleast two identical runs. 
Tables 125 to 130 : Effect of Temperature on the Observed Rate 
Constant (k,) 
During the study of temperature effect the conditions 
employed were same as described in the absence of SDS. Under 
the conditions that the [SDS]^ cmc (0.01 moldm ^ ) . Activation 
parameters are evaluated using linear least square technique. 
The results are computed by using FORTRAN - VAX 11/780. All the 
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rate constants are the average of at least two identical runs. 
Tables 131 to 134 : Effect of the [SDS] on the Observed Rate 
Constant (kr,) 
The concentrat ion of SDS i s varied from 0.01 to 0.04 moldm ^, 
[H"*"] = 0.10 moldm"^, \i = 0.20 moldm"^, [ l ] = 0.04 moldm"^ and 
temperature = 30 . All the r a t e constants are the aveirage of 
a t l e a s t two i d e n t i c a l mins. 
At the end of the Tables various f igures have been 
pres-:nted with appropriate capt ions . 
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TABLE 116 EFFECT OF THE CONCENTRATION OF 
ISOLEUCINr ON THE RATE CONSTANf IN THE PRESENCE 
OF SDS. 
420 420 
Time<nin) A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
60 
0.000 
0. 060 
0. 110 
0. 150 
0. 180 
0. 200 
0.210 
0. 220 
0.230 
0. 240 
0.250 
0. 0000 
-2. 8134 
-2. 2072 
-1. 8971 
-1. 7147 
-1. 6094 
-1. 5606 
-1. 5141 
-1. 4696 
-1. 4271 
-1.3862 
k- =9. 1x10"^ s-1. I 
JL { 
TEMP=3cf, Cn=0. 08moldm-3, CH'^ lsO. lOmoldm-3, ! 
CMnO^ 3=2xlo-4fi'.oldm-3, JLJ=O. 2onoIdm-3/ CSDS3=0. Olmoldm"^ i 
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TABLE 117 : EFFECT OF THE CONCENTRATION OF 
ISOLEUCINE ON THE RATE CONSTANJ IN THE PRESENCE 
Time<nin) 
0 
5 
10 
15 
20 
30 
40 
45 
50 
55 
60 
70 
90 
420 
A 
obs 
0.000 
0. 040 
0. 110 
0. 150 
0.200 
0. 250 
0.280 
0. 290 
0.300 
0. 310 
0.320 
0. 330 
0.340 
420 
In A 
obs 
0. 0000 
-3. 2188 
-2. 2072 
-1.8971 
-1. 6094 
-1. 3862 
-1.2729 
-1. 2378 
-1. 2039 
-1. 1711 
-1. 1394 
-1. 1086 
-1. 0788 
k. =6. 6xlo-4^s-l. I 
-fc ! 
TF}-!P=3d', EI3=0. 06moldm-3, CH"^ 3=0. 10ff»oldm-3, 
CMn0^3=2ylo-4mold<n-3,/j=o.2on»oldm-3, CSDS]=0. Olmoldm"^ 
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TA8LE 118 EFFECT OF THE CONCENTRATION OF 
ISCLEUCINc ON THE RATE CONSTANI IN THE PRESENCE 
OF SDS. 
Time<nin) 
0 
5 
10 
15 
20 
30 
40 
50 
60 
75 
80 
90 
100 
115 
140 
420 
A 
ObB 
0.000 
0. 055 
0. 105 
0. 150 
0. 185 
0. 245 
0.290 
0. 325 
0.355 
0. 380 
0.390 
0. 400 
0. 410 
0.420 
0. 430 
420 
In A 
obs 
0. 0000 
-2. 9004 
-2. 2537 
-1. 8971 
-1. 6873 
-1. 4064 
-1. 2378 
-1. 1239 
-1. 0356 
-0. 9675 
-0. 9416 
-0. 9162 
-0. 8915 
-0. 8668 
-0. 8439 
k^=4. 5x10-4-3-1. I 
TFr:P=3d' , CI 3=0. 04fnoldm-3, CH"*"3=0. lOmoldm-3. 
Cf1nq^:=2xlo-4ri5old<n-3,/j=o. 2onoldm-3» CSDS3=0. 01ffloldm-'3 
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TABLE 119 EFFECT OF THE CONCENTRATION OF 
ISOLEUCINE ON THE RATE CONSTANT IN THE PRESENCE 
OF SDS. 
TimeCnin) 
0 
5 
10 
15 
20 
30 
40 
45 
<bO 
75 
90 
105 
120 
135 
150 
420 
A 
obs 
0. 000 
0.050 
0. 095 
0. 135 
0. 175 
0.245 
0. 300 
0.325 
0. 400 
0.450 
0. 495 
0. 520 
0. 550 
0. 570 
0. 600 
420 
In A 
obs 
0. 0000 
-2. 9957 
-2. 3538 
-2. 0024 
-1. 7429 
-1. 4064 
-1. 2039 
-1. 1239 
-0. 9162 
-0. 7985 
-0. 7031 
-0. 6539 
-0. 5978 
-0. 5621 
-0. 5108 
k. =2. 6x10-^5-1. ! 
A. 1 
TEi';p=30'' , cn=0. 03moldm-3, CH"*"3=0. 1. moldm-3, ! 
CMn0^3=2xlo-^moldm-3./u=o. 2onoldm-3, i:SDSD=0. Olmoldm'^ ! 
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TABLE 120 : EFFECT OF THE CONCENTRATION OF 
ISOLEUCIfs'E ON THE RATE CONSTANl IN THE PRESENCE 
OF SDS. 
Time<nir>) 
0 
5 
10 
15 
30 
45 
60 
75 
90 
105 
120 
130 
145 
165 
180 
420 
A 
obs 
0.000 
0. 065 
0. 120 
0. 175 
0.320 
0. 440 
0. 540 
0. 620 
0.690 
0. 750 
0. 790 
0.820 
0.850 
0.890 
0.910 
420 
In A 
obs 
0. 0000 
-2. 7333 
-2. 1202 
-1. 7429 
-1. 1394 
-0. 8209 
-0. 6161 
-0. 4780 
-0. 3710 
-0. 2876 
-0. 2357 
-0. 1984 
-0. 1625 
-0. 1165 
-0. 0943 
k^=2. I x l < r 4 - s - l . 
7i-f^.P=30 , c n = 0 . 02moldm-3, CH"^ ]=^0. lOmoldm-3, 
CI1nq7]l=2xlo''4-moldm-37 p=o. 2onoldm-3 . CSDS3=0. Olmoldm-^ 
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TABLE 121 EFFECT OF THt CH"^ 3 ON THE 
RATE COK'STANT IN THE PRESENCE OF SDS. 
Time(nin) 
0 
5 
10 
15 
20 
25 
30 
10 
55 
70 
90 
125 
160 
420 
A 
obs 
0.000 
0. 075 
0. 135 
0. 195 
0.235 
0.280 
0.315 
0. 380 
0. 445 
0. 500 
0. 540 
0. 575 
0. 590 
420 
In A 
obs 
0. 0000 
-2. 5902 
-2. 0024 
-1.6347 
-1. 4481 
-1. 2729 
-1. 1551 
-0. 9675 
-0. 8096 
-0. 6931 
-0. 6161 
-0. 5533 
-0. 5276 
k. =4. lxlo-4-s-l. I 
Jt I 
TFh?=30 , i:n=0. 04moldm-3, CH*3 = 0. 20moldm-3, ! 
Ct1nQ^ 3=2)fiQ~4-(nold<n-3. p=o. 2QDoldm-3. CSDS3=0. Olmoldn-^ 1 
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TABLE 122 : EFFECT OF THE CH"*"] ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
420 420 
Time<nin) A In A 
obs obs 
0 
5 
10 
15 
20 
30 
40 
45 
60 
70 
80 
95 
115 
145 
0.000 
0. 080 
0. 135 
0. 175 
0.220 
0. 295 
0.350 
0. 375 
0. 425 
0. 450 
0. 465 
0. 490 
0. 505 
0. 520 
0. 0000 
-2. 5257 
-2. 0024 
-1. 7429 
-1. 5141 
-1. 2207 
-1. 0498 
-0. 9808 
-0. 8556 
-0. 7985 
-0. 7657 
-0. 7133 
-0. 6831 
-0. 6539 
k^=4. 5xlo-*s-l. I 
TEHP=30° , CI3=0. 04moldm-3, CH'^3=0. 15moldm-3i 
i:Mnqj3=2<lo-4-n»oldm-3i |j=o. 2orjoldm-3, CSDS3=0. 01r.oldm-<J 
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TABLE 123 EFFECT OF THE ZH'*'l ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time<nin) 
0 
5 
10 
15 
20 
30 
40 
50 
60 
75 
80 
90 
100 
115 
140 
420 
A 
obs 
0. 000 
0. 055 
0. 105 
0. 150 
0. 185 
0. 245 
0.290 
0. 325 
0.355 
0. 380 
0.390 
0. 400 
0. 410 
0. 420 
0.430 
420 
In A 
obs 
0. 0000 
-2. 9004 
-2. 2537 
-1. 8971 
-1. 6873 
-1. 4064 
-1. 2378 
-1. 1239 
-1. 0356 
-0. 9675 
-0. 9416 
-0. 9162 
-0. 8915 
-0. 8675 
-0. 8439 
k. =4. 5xlo-4-s-l. 
TF^ i.3=30 , EI 3=0. 04moldm-3, CH+D^O. lOmoldm-3, 
CnnC5;3=2xio-4rTsoldm-3, |j=o. 2oaoldm-3i CSDS3=0. Olmoldm''' 
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TABLE 124 EFFECT OF THE CH'*'3 DN THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
420 420 
Time<nin) A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
40 
45 
55 
65 
75 
90 
15 
0.000 
0. 050 
0.085 
0. 125 
0. 150 
0. 175 
0. 200 
0. 250 
0.265 
0. 285 
0. 305 
0. 325 
0.340 
0. 350 
0. 0000 
-2. 9004 
-2. 4651 
-2. 0794 
-1. 8971 
-1. 7429 
-1. 6094 
-1. 3862 
-1. 3280 
-1. 2552 
-1. 1874 
-1. 1239 
-1. 0788 
-1. 0216 
k.=4. 3xlo-+5-l. ! 
3, 
CMn0^3=2xlo-4moldn-3i |j=o. 2onold/n-3, CSDS3=-0. Olmoldm'^ 
TE."!P=30^ , CI 3=0. 04.-noldm-3, CH"^]=0. 05moldm- , 
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TABLE 125 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
420 420 
Time<nin) A In A 
obs obs 
0 
10 
15 
20 
30 
45 
60 
75 
90 
105 
120 
135 
165 
160 
195 
0. 000 
0. 100 
0. 150 
0. 195 
0.280 
0. 390 
0. 480 
0. 560 
0.620 
0. 660 
0. 700 
0. 760 
0.820 
0. 850 
0.900 
0. 0000 
-2. 3025 
~1. 8971 
~1. 6347 
-1. 2729 
-0. 9416 
-0. 7339 
-0. 5798 
-0. 4780 
-0. 4155 
-0. 3566 
-0. 2744 
-0. 1984 
-0. 1625 
-0. 1053 
k^ =l. 6xlor*s-l. I 
Tfr.P=30 . CI3=0. 0?moldm-3. CH"''3=0. 20moldm-3, I 
CMn0^3=2xlo-4-i!?oldm-3, ^=o. 2ofnoldm-3/ CSDS3=0. Olmoldm-'^ I 
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TABLE 126 EFFECT OF TEilPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
420 420 
Time<r>in> A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
45 
60 
75 
85 
95 
125 
145 
0.000 
0. 065 
0. 120 
0. 170 
0.215 
0. 250 
0.290 
0. 325 
0.375 
0.445 
0. 485 
0. 505 
0. 525 
0. 560 
0. 575 
0. 0000 
-2. 7333 
-2. 1202 
-1. 7719 
-1. 5371 
-1. 3862 
-1. 2378 
-1. 1239 
-0. 9808 
-0. 8096 
-0. 7236 
-0. 6831 
-0. 6443 
-0. 5798 
-0. 5533 
k^=3. 6xla-4s-l. j 
TEM?=3^ , Cn=0. 04mGldm-3, CH+3=0. 20moldm-3, I 
Cr'!nCj3=2xlcHmoldfii-3,/j=o.2omoldm-3, CSDS:=0. Oljnoldm-^ ! 
Q iT6 
TABLE 127 EFFECT OF TErtPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time<nin> 
0 
5 
10 
15 
20 
25 
30 
35 
45 
60 
75 
85 
90 
110 
120 
420 
A 
obs 
0. 000 
0. 080 
0. 150 
0. 220 
0. 280 
0. 335 
0.375 
0. 425 
0. 500 
0. 600 
0.675 
0. 700 
0. 750 
0.800 
0.825 
420 
In A 
obs 
0. 0000 
-2. 5257 
-1. 8971 
-1. 5141 
-1. 2729 
-1.0936 
-0. 9808 
-0. 8556 
-0. 6931 
-0. 5108 
-0. 3930 
-0. 3566 
-0. 2876 
-0. 2231 
-0. 1923 
!^=2. 8xlo-4 s - 1 . I 
TFM.P=35* , CI 3=0. 02fitoldm-3, CH+3=0. 20moldm-3, 5 
i:f1nQrD=2>lo-4moldm-3, |j=o. 2onoldm-3/ CSDSD=0. 01tT>oldm-3 ,' 
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TABLE 123 EFFECT OF TEHPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time<nin) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
60 
70 
75 
85 
420 
A 
obs 
0.000 
0. 060 
0. 110 
0. 155 
0. 190 
0.225 
0.250 
0. 275 
0.290 
0. 305 
0.340 
0. 350 
0.360 
0. 370 
420 
In A 
obs 
0. 0000 
-2. 8134 
-2. 2072 
-1. 8643 
-1. 6607 
-1. 4916 
-1. 3862 
-1. 2909 
-1. 2378 
-1. 1874 
-1. 0788 
-1. 0498 
-1. 0216 
-0. 9942 
H4=5. 6xlcr4 5-1. I 
[:Nn(r'3=2xlo*'4moldm-3,|U=0. 20.-noldfi»-3, CSDS3=0. Olmoldm-^ ! 
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TABLE 12? EFFECT OF TEHPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
420 420 
Time<nin) A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
60 
70 
75 
85 
0.000 
0.095 
0. 180 
0. 260 
0.330 
0. 400 
0. 440 
0. 480 
0. 520 
0. 560 
0.650 
0. 690 
0. 720 
0. 750 
0. 0000 
-2. 3587 
-1. 7147 
-1. 3470 
-1. 1086 
-0. 9162 
-0. 8209 
-0. 7339 
-0. 6539 
-0. 5789 
-0. 4780 
-0. 3710 
-0. 3285 
-0. 2876 
kA=4xlo-4s-l, 
«4 
TEi'iP=4Cr , CI3=0. 02moldm-3, CH**3=0. 20moldm-3, 
i:Mnqj'3=2<lo-4moldm-3i ju=o. 2onoldm-3 , CSDSD^O. O l m o l d m - ' 
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TABLE 130 EFFECT OF TEHPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time<nin) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
420 
A 
obs 
0.000 
0.075 
0. 135 
0. 180 
0.215 
0.245 
0.265 
0. 280 
0.295 
0. 305 
0.310 
0. 320 
420 
In A 
obs 
0. 0000 
-2. 5902 
-2. 0024 
-1.7147 
-1. 5371 
-1. 4064 
-1. 3280 
-1. 2729 
-1. 2207 
-1. 1874 
-1. 1711 
-1. 1394 
kit =8. 3 x l o - 4 s - l . 
3, 
CMn£^3=2<lo-4 mc>ldm-3i/LJ=o. 2onoldm-3. CSDS3=0. Olmolclm''^ 
TEHP=40* / CI 3=0. 04.'noldm-3, CH^JsO. 20moldm- , 
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TABLE 131 EFFECT OF THE CONCENTRATION OF SDS ON THE RATE CONSTANT. .^  M i r.« i iu.>. ur 
420 420 
Time<nin) A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
40 
50 
60 
70 
eo 
90 
105 
120 
0. 000 
0. 040 
0.090 
0. 125 
0. 160 
0. 190 
0.215 
0. 260 
0. 300 
0. 325 
0.350 
0. 370 
0.390 
0.400 
0. 410 
0. 0000 
-3. 1010 
-2. 4079 
-2. 0794 
-1. 8325 
-1. 6607 
-1. 5371 
-1. 3470 
-1. 2039 
-1. 1239 
-1. 0498 
-0. 9942 
-0. 9416 
-0. 9162 
-0. 8915 
k^=3. 6xlo-'^s-l. j 
TEMP=30* , CID=0. 04moldm-3, CH"''3 = 0. lOmolclm-3, 
CMn(g"3=2xlo-^moldm-3i<u=o. 2oti»oldm-3, CSDS3=0. OlmoldnT ^ 
n6 
TABLE 132 EFFECT OF THE CONCENTRATION OF 
SDS ON THE RATE CONSTANT. 
420 420 
Time<nin) A In A 
ob& obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
60 
70 
80 
85 
0.000 
0. 070 
0. 125 
0. 170 
0.210 
0. 240 
0.270 
0. 290 
0.305 
0. 320 
0.350 
0. 360 
0.370 
0. 375 
0. 0000 
-2. 6592 
-2. 0794 
-1. 7719 
-1. 5606 
-1. 4271 
-1. 3093 
-1.2378 
-1. 1874 
-1. 1394 
-1. 0498 
-1. 0216 
-0. 9942 
-0. 9808 
kv =6. 3xlo~'^s-l. I 
TEI*!P=30* . CI 3=0. 04moldm-3, CH^3=0. lOmoldm-3, i 
Ci1na*'j=2<lo"^mold(ri-3,^=o.2onoldm~3, CSDS3=0. OPmoldm"*^ I 
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TABLE 133 EFFECT OF THE CONCENTRATION OF 
SDS ON TH£ RATE CONSTANT. 
420 420 
Time<nin) A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
55 
0.000 
0. 100 
0. 170 
0. 225 
0.260 
0.285 
0.305 
0. 315 
0.325 
0. 335 
0.340 
0. 0000 
-2. 3025 
-1.7719 
-1. 4916 
-1.3470 
-1.2552 
-1. 1874 
-1. 1551 
******* 
-1.0936 
-1. 0788 
^=1. Ixio-'s-
3, 
CMn«J'3=2xlo*^moldn)-3,/j=o. 2oaoldm-3. CSDSD=0. 03fnoldm-3 
TEhP=30 . CI 3=0. 04moldm-3, CH^lsQ. lOmoldm-  
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TABLE 134 EFFECT OF IHE CONCENTRATION OF 
SDS ON THE RATE CONSTANT. 
420 420 
Time(nin) A InA 
obs obs 
0 
2 
4 
6 
a 
10 
15 
20 
25 
30 
35 
40 
0. 000 
0.050 
0. 085 
0. 120 
0. 150 
0. 170 
0. 215 
0.250 
0. 265 
0.275 
0. 285 
0.290 
0. 0000 
-2. 9957 
-2. 4651 
-2. 1202 
-1. 8971 
-1. 7719 
-1. 5371 
-1. 3862 
-1. 3280 
-1.2909 
-1. 2552 
-1.2378 
y =1. 4xlo-as-l. I 14. 
3, 
Cf1nqr3=2<lo*-^moldm-3,p=o.2onoldm-3, CSDS3=0. 04moldm-^ 
TEhP=30 , tn=0. 0^ :moldm-3, CH*'3=0. lOmoldm-3, 
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FiG 2 Variation of the absorbance at 420nm with time at different concentration of 
isoleucine ;n the presence of SDS. 
' E M P : 3 0 ' , [H* l -0 lOmoldni^ u = 0.20moldm [Mn04l :2xl6moldm^ [SDS] =001 moldm 
-3 
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OXIDATION OF LEUGIHE IN THE ABSENCE OF SDS 
Tables LI t o L6 : Ef fec t of t h e Concen t ra t ion of Leucine on 
the Observed Rate Constant (k,,) 
The c o n c e n t r a t i o n of l e u c i n e was va r i ed from 0.03-0^14 moldm 
a t a f i xed [Mn0~] = 2x10"^ moldm"^ and [H"*"] = 0 .10 moldm"^, 
li = 0 .20 moldm""'^  and a t cons tan t t empera tu re = 30*^. The r a t e 
c o n s t a n t s i n c r e a s e s a s t h e [ L ] i s i n c r e a s e d . Al l t h e r a t e 
c o n s t a n t s a re t h e average of a t l e a s t two i d e n t i c a l r u n s . 
Table L13 t o L16 : Ef fec t of t h e [H"^] on the Observed Rate 
Constant (kr,) 
The c o n c e n t r a t i o n of hydrogen ion i s v a r i e d wi th p e r c h l o r i c 
ac id i n t h e range of 0.05 to 0.02 moldm"^ a t \i = 0.20 moldm"^, 
[MnOT] = 2x10 moldm"-^ and a t a cons tan t [ L ] = 0.07 moldm"-^, 
t empera tu re = 30 . Al l the r a t e c o n s t a n t s a re the average of 
a t l e a s t two i d e n t i c a l r u n s . 
Tables L21 t o L26 : E f fec t of Temperature on t h e Observed Rate 
Constant (k,,) 
The t e m p e r a t u r e e f f e c t i s s t u d i e d i n t h e range of 30 t o 
40° a t d i f f e r e n t c o n c e n t r a t i o n s of l e u c i n e ( 0 . 0 8 and 0.06 moldm" ) 
a t a f ixed [H"*"] = 0.20 moldm"^, n = 0.20 moldm"^ and [MnO]|^ ] = 2xl0~^ 
moldm . A c t i v a t i o n parameters are eva lua ted u s ing l i n e a r l e a s t 
193 
square technique, the r e s u l t s are computed by using FORTRAN 
VAX-ll/780. All the constants are the average of a t l e a s t two 
i d e n t i c a l runs. 
At the end of the Tables various figures have been 
presented with appropriate capt ions . 
IB* 
TABLE LI EFFECT OF THE CONCENTRATION 
OF LEUCINE ON THE RATE CONSTANT IN THE 
ABSENCE OF SDS. 
525 525 
Time(nin) A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
60 
75 
90 
120 
lEMP. 
0. 460 
0. 415 
0. 375 
0.340 
0. 310 
0.275 
0. 250 
0.230 
0. 205 
0. 180 
0. 140 
0. 100 
0. 070 
0. 040 
=30*, CL3=0. 
-0. 7765 
-0. 8794 
-0. 9808 
-1. 0788 
~1. 1711 
-1. 2909 
~1. 3862 
-1. 4696 
-1. 5847 
-1. 7147 
-1. 9661 
-2. 3025 
-2. 6592 
-3. 2188 
14 moldr 
10*^1 =3. 3x10*^5-1 
. EH* 3=0. 10moldR»-3, 
-4 
CMnf^  ]=2:<10 ^ moldo-3,fJ=0. 20 moldn-3, CSDS3=NIL: 
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TABLE L 2 EFFECT OF THE CONCENTRATION OF 
LEUCINF 0.N THE RATE CONSTANT I N THE ABSENCE 
OF SDS. 
Time<<nin) 
0 
5 
10 
15 
20 
30 
45 
60 
75 
90 
105 
120 
135 
150 
525 
A 
obs 
0. 470 
0. 450 
0. 420 
0. 390 
0. 360 
0. 310 
0.260 
0. 220 
0. 180 
0. 160 
0. 130 
0. 120 
0. 110 
0. 100 
525 
A 
cor 
0. 4700 
0. 4350 
0. 4050 
0. 3800 
0. 3500 
0. 3000 
0. 2400 
0. 1950 
0. 1500 
0. 1200 
0. 0900 
0. 0800 
0. 0600 
0. 0500 
525 
In A 
cor 
-0. 7550 
-0. 8324 
-0. 9038 
-0. 9675 
-1. 0498 
-1. 2039 
-1. 4271 
-1. 6347 
-1. 8971 
-2. 1202 
-2. 4079 
-2. 5257 
-2. 8134 
-2. 9957 
k^=2. 5xl0"^s-l. 
525 420 
A c o r = A - /v X R# 
TEJ1P=30'', CL3=0. 12moldm-3, CH^ 3=0. lOmoldm-3, 
tMnCf 3=2xlO"***moldni-3,^=0. 20moldm-3, CSDSD=NIL: 
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TABLE L3 EFFECT OF THE CDi^iCENTRATIDN 
OF LEUCINE ON THE RATE CONSTANT IN THE 
ABSENCE CF SDS. 
Time(nin 
0 
30 
60 
90 
120 
150 
ISO 
210 
240 
270 
300 
330 
360 
390 
420 
1 
Ac or 
TB1P= 
CMnO^ 
525 
) A 
obs 
6. 485 
0. 400 
0. 350 
0.310 
0. 270 
0.240 
0. 210 
0. 170 
0. 150 
0. 130 
0. 100 
0. 090 
0. 080 
0.070 
0. 060 
i26 420 
^/A )inf. 
=A«5. ,420, 
=30** . CL3 = 0 
3=2xlo-4molda-
525 
A 
cor 
0. 4850 
0. 3950 
0. 3250 
0. 2700 
0. 2200 
0. 1800 
0. 1500 
0. 1200 
0. 1000 
0. 0800 
0. 0600 
0. 0500 
0. 0450 
0. 0350 
0. 0300 
= (0. 020/0. 
R* 
OSmoldn--3, 
-3. u=o. 2onc 
525 
In A 
cor 
-0. 7236 
-0. 9288 
-1. 1239 
-1. 3093 
-1. 5141 
-1. 7147 
-1. 8971 
-2. 1202 
-2. 3025 
-2. 5257 
-2. 8134 
-2. 9957 
-3. 1010 
-3. 3524 
-3. 5065 
|L^ =1.0x 
050) 
CH^1=0. lOmoldm-3/ 
>ldm-3, CSDS3=NIL. 
l r f = ^ - l . I 
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TABLE L4 EFFECT OF THE CONCENTRATION OF LEUCI 
ON THE RATE CONSTANT IN THE ABSENCE OF 
SDS. 
r i m e < n i n 
0 
15 
3 0 
4 5 
6 0 
7 5 
9 0 
120 
150 
leo 
2 1 0 
2 4 0 
2 7 0 
3 0 0 
3 3 0 
3 6 0 
Ac o r 
TEriP= 
CMnOT 
5 2 5 
> A 
o b s 
0. 490 
0. 4 8 0 
0. 4 6 0 
0. 4 5 0 
0. 4 4 0 
0. 4 3 0 
0. 4 1 5 
0. 3 9 5 
0 . 3 7 5 
0. 3 6 0 
0. 3 3 0 
0. 3 1 0 
0. 2 8 0 
0 . 2 6 0 
0 . 2 3 0 
0. 2 0 0 
r2S 420 
/fT ^ ) in 
= A — 
=30** , CL3=0 
3=2xlO"*'^mo 
5 2 5 
A 
c o r 
0. 4 9 0 0 
0. 4 6 0 0 
0. 4 3 0 0 
0. 4 0 5 0 
0. 3 8 0 0 
0. 3 6 0 0 
0. 3 3 5 0 
0. 2 9 5 0 
0. 2 6 0 0 
0. 2 3 0 0 
0. 2 0 0 0 
0. 1800 
0. 1550 
0. 1400 
0. 1200 
0. 1050 
f. = ( 0 . 0 1 0 / 0 
A"*20 , R , 
. 06molclm-3/ 
5 2 5 i 
In A ! 
c o r ! 
- 0 . 7 1 3 3 I 
- 0 . 7 7 6 5 { 
- 0 . 8 4 3 9 I 
- 0 . 9 0 3 8 5 
- 0 . 9 6 7 5 i 
- 1 . 0 2 1 6 i 
- 1 . 0 9 3 6 
- 1 . 2 2 0 7 i 
- 1 . 3 4 7 0 ! 
- 1 . 4 6 9 6 ! 
- 1 . 6 0 9 4 { 
- 1 . 7 1 4 7 ! 
- 1 . 8 6 4 3 { 
- 1 . 9 6 6 1 J 
- 2 . 1202 ! 
- 2 . 2 5 3 7 i 
^ = 7 . 0 x 1 0 * ^ 5 - 1 . 1 
. 050 ) i 
CH"^ 3=0. lOmoldm-3 , 
ldm-3 , /u=0. 2 0 m o l d n - 3 , CSDS3=NIL ! 
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TADLE L5 EFFECT OF THE CONCENTRATION OF 
LEUCINE ON THE RATE CONSTANT IN THE ABSENCE 
OF SDS. 
Time(nin 
0 
30 
60 
90 
120 
3 50 
leo 
210 
240 
270 
3C0 
330 
360 
420 
480 
540 
600 
5 
R-*=(A 
A525 
Ac or T01P= 
nrinqr 
) 
525 
A 
obs 
0. 500 
0. 510 
0. 500 
0. 500 
0. 490 
0. 480 
0. 480 
0. 470 
0. 450 
0. 430 
0. 420 
0.400 
0. 375 
0. 330 
0. 290 
0.255 
0. 220 
26 420 
/A ) 
- A525 
— A — 
=30** , CL3 
3 = 2<10*'^ ( 
525 
A 
cor 
0. 5000 
0. 4700 
0. 4400 
0. 4200 
0. 3900 
0. 3650 
0. 3500 
0. 3300 
0. 3100 
0. 2900 
0. 2750 
0. 2600 
0. 2400 
0. 2100 
0. 1850 
0. 1650 
0. 1450 
inf. =(0.030/0 
A X R* 
=0. 04moldm-3/ 
525 ! 
In A 
cor ! 
-0. 6931 ! 
-0. 7550 1 
-0. 8209 i 
-0. 8675 ! 
-0. 9416 ! 
-1.0078 ! 
-1.0498 ! 
-1. 1086 
-1. 1711 } 
-1.2378 
-1.2909 ! 
-1.3470 ! 
-1. 4271 ! 
-1.5606 i 
-1.6873 ; 
-1.8018 
-1. 9310 
k =3. 3xlO"5s-l. i 
/ " — — — — 1 
.050) ! 
CH"^ ]=0. lOmaldm-3, ! 
T>o]d.T.-3,/J=0. 20moldn-3, CSDS3=NIL. I 
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TABLE L6 EFFECT OF THE CONCENTRATION OF LEUCINE 
ON THE RATE CGrN!3TAr4T IN THE ABSENCE OF SDS. 
TiiTifa ( m m 
0 
30 
60 
90 
120 
150 
180 
2'tO 
300 
360 
420 
480 
D40 
600 
660 
720 
R*=(A 
SZ5 
Ac or 
TEHP-
CMnO£* 
52'j 
> A 
obs 
0. 500 
0. 510 
0. 510 
0. 510 
0. 510 
0. 510 
0. 500 
0. 490 
0. 460 
0. 440 
0. 410 
0. 3B0 
0. 340 
0. 310 
0. 280 
0. 260 
525 4.20 
/A ) 
= A 
=3(? , £L1 
inf. 
4-2.0 
A 
525 
A 
cor 
0. 5000 
0. 4800 
0. 4650 
0. 4450 
0. 4250 
0. 4100 
0. 3900 
0. 3600 
0. 3300 
0. 3100 
0. 2800 
0. 2600 
0. 2400 
0. 2200 
0. 2000 
0. 1900 
= (0. 030/0 
X R* 
=0. 03moldm-3/ 
32< 10"'^  mo 1dm 
525 } 
In A ! 
cor ! 
-0. 6931 i 
-0. 7339 i 
-0. 7657 ! 
-0. 8096 ! 
-0. 8556 I 
-0.8915 
-0. 9416 ! 
-1.0216 ! 
-1. 1086 { 
-1. 1711 ! 
-1.2729 I 
-1.3470 i 
-1.4271 I 
-1. 5141 ! 
-1.6094 I 
-1.6607 ! 
kj_=Z. lxl0*C-l. 1 
.050) I 
CH"^ 1=0. lOmQldm-3, ! 
-3, jj=0. 20noldm-3, CSDS3=NIL. ! 
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TABLE L13 : EFFECT OF THE CONCENTRATION OF LH*1 
ON THE RATE CONSTANT IN THE ABSENCE OF SDS. 
Time(jnin) 
0 
30 
60 
90 
120 
150 
160 
210 
210 
270 
3C0 
330 
360 
390 
420 
450 
480 
S2. 
•R*=<A 
S2.5 
A cor = 
525 
A 
obs 
0. 485 
0. 450 
0. 430 
0.400 
0. 370 
0.340 
0. 320 
0.310 
0. 280 
0.260 
0.210 
0.210 
0. 195 
0. 180 
0. 170 
0. 155 
0. 140 
5" 4.20 
/A > 
A -
T£»1P=30*' , CL3 = 
EiinO^  3 
525 
A 
cor 
0. 4850 
0. 4400 
0. 4000 
0. 3600 
0. 3200 
0. 2900 
0. 2700 
0. 2500 
0. 2200 
0. 2000 
0. 1600 
0. 1600 
0. 1450 
0. 1300 
0. 1200 
0. 1100 
0. 1000 
inf. =<0. 020/0 
A* X R# 
=0.080moldm-3 
525 i 
In A i 
cor I 
-0. 7236 1 
-0. 8209 J 
-0. 9162 ! 
-1.0216 1 
-1. 1394 i 
-1.2378 ! 
-1. 3093 } 
-1.3862 ! 
-1. 5141 1 
-1.6094 I 
-1.8325 ! 
-1.8325 J 
-1.9310 1 
-2. 0402 ! 
-2. 1202 ! 
-2. 2072 i 
-2. 3025 ! 
k^=5. SxlC'^s-l. j 
.050) i 
CH"^  3=0. 20moldin-3/ i 
=2xlO'*i7»oldn-.-3, p=0. 20r.oldm-3i CSDS3=NIL. 
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TABLE Lt4 : EFFECT OF THE COfJCENFRATION OF CH*3 
ON THE RATE CONSTANT IN THE ABSENCE OF SDS. 
Timedriin 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
A cor 
TEMP= 
CMnO;^  
) 
25 
525 
A 
obs 
0. 485 
0. 440 
0. 420 
0. 390 
0.355 
0. 320 
0. 300 
0. 290 
0.250 
0. 230 
0.210 
0. 190 
0. 170 
0. 150 
0. 140 
525 
A 
cor 
0. 4850 
0. 4300 
0. 3850 
0. 3450 
0. 3050 
0. 2700 
0. 2400 
0. 2150 
0. 1900 
0. 1700 
0. 1500 
0. 1350 
0. 1200 
0. 1050 
0. 0950 
1 420 
/A )inf. =(0.020/0. 
,525 -420 
A - A X R-* =30" , CL3=0. 
I--
OB-noldm-a CH'*' 
=2xi0"^moldin-3//j=0. 20m 
525 
In A 
cor 
-0. 7236 
-0. 8439 
-0. 9545 
-1. 0642 
-1. 1874 
-1. 3093 
-1. 4271 
-1. 5371 
-1. 6607 
-1. 7719 
-1. 8971 
-2. 0024 
-2. 1202 
-2. 2537 
-2. 3538 
050) 
3=0. 15/nold 
k =6. 5xlO-5's-l. 1 
-^ — , 
r»—3J 1 
oldm-3, CSDS3=NIL. I 
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TABLE LIS : EFFECT OF lUE CONCENTRATION OF CH"^ "] 
ON THE RATE CONSTANT IN THE ABSENCE OF SDS. 
Time(nin 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
210 
ZAO 
270 
R*-=<A 
525 
A cor 1EMP= 
Cf1nO^ 
525 
> A 
obs 
0. 485 
0.450 
0. 400 
0.380 
0. 350 
0.330 
0. 310 
0.290 
0. 270 
0.255 
0. 240 
0.225 
0.210 
0. 170 
0. 150 
0. 130 
525 
A 
cor 
0. 4850 
0. 4400 
0. 3950 
0. 3600 
0. 3250 
0. 3000 
0. 2700 
0. 2400 
0. 2200 
0. 2000 
0. 1800 
0. 1650 
0. 1500 
0. 1200 
0. 1000 
0. 0800 
/A*''*^ )inf. =(0.020/0. 
525 420 
= A - A^ X R* 
=30** > CL3=^0. 08moldm-3^ 
3=2xl0'^rr.oldm-3, fJ=0. 
525 
In A 
cor 
-0. 7236 
-0. 8209 
-0. 9288 
-1. 0216 
-1. 1239 
-1.2039 
-1. 3093 
-1. 4271 
-1. 5141 
-1. 6094 
-1. 7147 
-1.8018 
-1. 8971 
-2. 1202 
-2. 3025 
-2. 5257 
V 
050) 
EH"*" 3=0. lOmoldm-3, 
20moldm-3,CSDS3=NIL 
0xl0"^s-l. ! 
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TABLE L16 EFFECT OF THE CONCENTRATION OF CH"*'3 
ON THE RATE CONSTANT IN THE ABSENCE OF SDS. 
Timednin 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
60 
75 
90 
105 
120 
135 
Ac or = 
T£r1P= 
CMnO^ 
525 
) A 
ob5 
0. 470 
0.450 
0.420 
0. 390 
0.370 
0. 350 
0.330 
0. 310 
0. 290 
0. 270 
0. 220 
0. 195 
0. 170 
0. 160 
0. 140 
0. 120 
525 4Z6 
= A - A 
=30^ , CL3=0. 03 
3=2xlO"'^moldi 
525 
A 
cor 
0. 4700 
0. 4400 
0. 4100 
0. 3850 
0. 3600 
0. 3400 
0. 3200 
0. 3000 
0. 2800 
0. 2600 
0. 2100 
0. 1750 
0. 1400 
0. 1200 
0. 1000 
0. 0800 
= (0. 010/0. 
X R* 
•noldm-3/ 
Ti-3, p=0. 
CH 
525 
In A 
cor 
-0. 7550 
-0. 8209 
-0. 8915 
-0. 9545 
-1. 0216 
-1. 0788 
-1. 1394 
-1. 2039 
-1. 2729 
-1. 3470 
-1. 5606 
-1. 7429 
-1. 9661 
-2. 1202 
-2. 3025 
-2. 5257 
k =2 
_7 r 
0^0) 
•*• 3=0. 05moldm-3. 
20noldm-3, CSDS3=NIL 
1;<10"^S-1. 1 
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TABLE 121 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time{«nin 
0 
3 0 
6 0 
9 0 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
4 2 0 
4 5 0 
4 6 0 
R-*={A 
S i r 
A c o r 
TEI1P= 
CMnO^; 
) 
ir 
5 2 5 
A 
obs 
0. 4 8 5 
0 . 4 5 0 
0. 4 2 0 
0 . 3 9 0 
0. 3 7 0 
0 . 3 4 0 
0. 3 2 0 
0 . 3 0 0 
0. 280 
0 . 2 6 0 
0. 2 4 0 
0 . 2 1 0 
0. 195 
0. 180 
0. 170 
0. 160 
0. 140 
525 
A 
cor 
0. 4 8 5 0 
0. 4 4 0 0 
0. 3 9 5 0 
0. 3 5 5 0 
0. 3 2 0 0 
0. 2 9 0 0 
0. 2 7 0 0 
0. 2 4 0 0 
0. 2 2 0 0 
0. 2 0 0 0 
0. 1800 
0. 1600 
0. 1450 
0. 1300 
0. 1200 
0. 1100 
0. 1000 
/ A ^ ^ ^ ) i n f . = ( 0 . 0 2 0 / 0 . 
A*** - A X R* 
••3(f , CL3=0 
3 2 x l c r ^ n o 
525 { 
In A { 
cor i 
- 0 . 7 2 3 6 i 
- 0 . 8 2 0 9 ! 
- 0 . 9 2 8 8 1 
- 1 . 0 3 5 6 ! 
- 1 . 1394 ! 
- 1 . 2 3 7 8 i 
- 1 . 3 0 9 3 ! 
- 1 . 4 2 7 1 ! 
- 1 . 5141 ! 
- 1 . 6 0 9 4 ! 
- 1 . 7 1 4 7 ! 
- 1 . 8 3 2 5 i 
- 1 . 9 3 1 0 1 
- 2 . 0 4 0 2 ! 
- 2 . 1202 I 
- 2 . 2 0 7 2 1 
- 2 . 3 0 2 5 1 
ky=5. 5 x i c r ^ - l . j 
0 5 0 ) ! 
08moldm-3i CH'*'D=0. 20moldm-3 , 1 
Idn - 3 , u=0. 20.T»oldm-3, CSDS3=NIL. I 
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TABLE LS2 EFFECT OF TEHPERATURE ON THE 
RATE CONSTANT I N THE ABSENCE Or SDS. 
Time<nin) 
0 
15 
30 
45 
60 
90 
120 
150 
ISO 
210 
240 
270 
300 
330 
360 
A cor = 
525 
A 
obs 
0. 480 
0.450 
0. 440 
0. 420 
0.395 
0. 350 
0.320 
0. 280 
0.250 
0. 220 
0.200 
0. 180 
0. 150 
0. 140 
0. 125 
525 
A 
cor 
0. 4800 
0. 4400 
0. 4050 
0. 3750 
0. 3450 
0. 2900 
0. 2500 
0. 2100 
0. 1750 
0. 1500 
0. 1250 
0. 1100 
0. 0850 
0. 0800 
0. 0650 
'/A )inf. =(0.020/0. 
^Z$ - A^aO X R* 
TEMP=35**, CL3=0. 
CMnOr 1 =2xlO"**QC 
08moldm-3, CH** 
)ld 
525 ! 
In A ! 
cor ! 
-0. 7339 ! 
-0. 8209 i 
-0. 9038 ! 
-0. 9808 { 
-1.0642 
-1. 2378 ! 
-1.2378 
-1. 5606 ! 
-1.7429 
-1.8971 I 
-2. 0794 ! 
-2. 2072 ! 
-2. 4651 
-2. 5257 i 
-2. 7333 
k =9. 3xl0"^-l. 1 
050) } 
3=0. 20moldm-3> ! 
m-3. u=0. 20(nold(r.-3, CSDS]=NIL. ! 
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TABLE L23 : EFFECT OF TEMPRA7URE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time(nin 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
60 
75 
90 
120 
150 
180 
210 
R-*=(A^  
A cor 
TEriP= 
CMnOr 
525 
) A 
obs 
0. 460 
0. 460 
0. 450 
0. 440 
0. 430 
0. 425 
0. 415 
0. 410 
0. 405 
0.390 
0. 370 
0.350 
0. 320 
0. 290 
0. 250 
0.220 
0. 190 
525 
A 
cor 
0. 4600 
0. 4450 
0. 4300 
0. 4150 
0. 4000 
0. 3900 
0. 3750 
0. 3650 
0. 3550 
0. 3400 
0. 3100 
0. 2800 
0. 2500 
0. 2100 
0. 1700 
0. 1400 
0. 1100 
inf. =(0.020/0. 
A * X R» 
=40* , CL3=0. OSmoldm-3, CH*** 
3=2j{lCr*^ D0ldm-3i |J=0. 20m 
525 
In A 
cor 
-0. 7765 
-0. 8096 
-0. 8439 
-0. 8794 
-0. 9162 
-0. 9416 
-0. 9808 
-1. 0078 
-1. 0356 
-1. 0788 
-1. 1711 
-1. 2729 
-1. 3862 
-1. 5606 
-1. 7719 
-1. 9661 
-2. 2072 
k-=l. 1 
050) 
3=0.20moldm-3, 
Dldn-3, CSDS3=NIL. 
xlO*** s-1. 1 
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TABLE L24 EFFECT OF TEHPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time<nin 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
480 
510 
540 
A cor 
1 EHP= 
crmq^ 
525 
) A 
obs 
0.485 
0. 465 
0. 455 
0. 435 
0.415 
0. 395 
0.375 
0. 355 
0.330 
0. 310 
0.290 
0. 275 
0.250 
0. 230 
0.220 
0. 200 
0. 190 
0. 170 
0. 160 
525 
A 
cor 
0. 4850 
0. 4450 
0. 4100 
0. 3800 
0. 3500 
0. 3250 
0. 3000 
0. 2800 
0. 2550 
0. 2300 
0. 2150 
0. 2000 
0. 1800 
0. 1650 
0. 1550 
0. 1400 
0. 1300 
0. 1200 
0. 1100 
*^^/A* )inf. =<0. 010/0 
= A ^ ^ - A*^ *» X R. 
=3CP, £:L3=0. 
3=2xlCr4nc 
06moldm-3> tH 
»ld 
525 
In A 
cor 
-0. 7236 
-0. 8096 
-0. 8915 
-0. 9675 
-1. 0498 
-1. 1239 
-1. 2039 
-1. 2729 
-1. 3664 
-1. 4696 
-1. 5371 
-1. 6094 
-1. 7147 
-1. 8018 
-1. 8643 
-1. 9661 
-2. 0402 
-2. 1202 
-2. 2072 
_k =4. 5x 
020) 
"**3=0. 20moldm-3, 
[n-3/^=0. 20noldn>-3, CSDS3=NIL. 
lO'^-l. 1 
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TABLE I 25 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
TimeCiTiin 
0 
3 0 
fcO 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
3 9 0 
420 
R*=(A*' 
Szs 
A c o r T£rlP= 
irmQ^ 
5 2 5 
) A 
obs 
0. 4 8 0 
0. 4 6 0 
0. 4 3 0 
0. 4 0 0 
0. 3 7 0 
0 . 3 4 0 
0. 3 1 0 
0 . 2 9 0 
0. 2 6 0 
0 . 2 4 0 
0. 2 2 0 
0 . 2 0 0 
0. 180 
0. 170 
0. 160 
=35**, CL3=0 
3=2xl0 ' "* ' 
5 2 5 
A 
c o r 
0. 4 8 0 0 
0. 4 2 0 0 
0. 3 7 0 0 
0. 3 2 5 0 
0. 2 8 5 0 
0. 2 5 0 0 
0. 2 2 0 0 
0. 1950 
0. 1700 
0. 1500 
0. 1300 
0. 1150 
0. 1000 
0. 0 9 0 0 
0. 0 8 0 0 
i n f . = ( 0 . OK 
A^ X R* 
. 06moldm-3# 
f?50ldm-3i u=0. 
5 2 5 i 
In A { 
c o r 1 
- 0 . 7 3 3 9 ! 
- 0 . 8 6 7 5 i 
- 0 . 9 9 4 2 ! 
- 1 . 1239 ! 
- 1 . 2 5 5 2 1 
- 1 . 3 8 6 2 I 
- 1 . 5141 ! 
- 1 . 6 3 4 7 ! 
- 1 . 7 7 1 9 i 
- 1 . 8 9 7 1 i 
- 2 . 0 4 0 2 ! 
- 2 . 1 6 2 8 ! 
- 2 . 3 0 2 5 ! 
- 2 . 4 0 7 9 ! 
- 2 . 5 2 5 7 ! 
^ = 7 . 1 x 1 0 * ^ - 1 . j 
3 / 0 . 0 2 0 ) 1 
[ H * 3=0. 20moldm-3 / ! 
2 0 m o l d m - 3 , [:SDS3=NIL. 1 
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TABLE L 2 6 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT I N THE ABSENCE OF SDS. 
Time (fnin 
0 
15 
20 
45 
60 
90 
120 
150 
ISO 
210 
240 
270 
300 
330 
360 
R*=(A^ 
StS 
A cor 
T£iiP= 
CMnO^ 
525 
) A 
obs 
0. 480 
0. 475 
0. 460 
0. 440 
0. 430 
0.395 
0. 360 
0.320 
0. 290 
0.260 
0. 235 
0.210 
0. 185 
0. 170 
0. 155 
= A - A 
=4cf . CL3=0. 
3=2xlO"^njc 
525 
A 
cor 
0. 4800 
0. 4450 
0. 4100 
0. 3800 
0. 3500 
0. 3050 
0. 2600 
0. 2200 
0. 1900 
0. 1600 
0. 1400 
0. 1200 
0. 1000 
0. 0850 
0. 0750 
= (0. 010/0 
X R* 
06iiioldm-3, CH 
ldm-3/ p =0. 
525 { 
In A { 
cor { 
-0. 7339 ! 
-0. 8096 I 
-0.8915 ! 
-0. 9675 I 
-1.0498 i 
-1. 1874 ! 
-1.3470 ! 
-1. 5141 ! 
-1.6607 ! 
-1.8325 1 
-1.9661 ! 
-2. 1202 
-2. 3025 I 
-2. 4651 1 
-2. 5902 i 
k^=8. 3x10**^5-1. j 
. 020) ! 
* 3=0. 20Mmoldm-3, ! 
20.Tf0ldm-3, CSDS3-NIL. 1 
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OXIDATION OF LEUCINE IN THE PRESENCE OF SD3 
Tables L7 t o L12 : Ef fec t of t h e Concen t ra t ions of Leucine on 
t h e Observed Rate Constant (k,,) 
The c o n d i t i o n s were kept cons tan t as desc r ibed e a r l i e r i n 
t h e absence of SDS t o see t h e e f f e c t of the c o n c e n t r a t i o n of 
l e u c i n e under t h e c o n d i t i o n s t h a t [ S D S J ^ c m c ( 0 . 0 1 moldm ) , 
A l l t h e r a t e c o n s t a n t s a re t h e average of a t l e a s t two i d e n t i c a l 
r u n s . 
Tables L17 t o L20 : Effec t of t h e [H"*"] on t h e Observed Rate 
Constant (k™) 
The conditions employed were similar as described for the 
absence of SDS to see the effect of the [H ] under the conditions 
that [SDS] N cmc (0.01 moldm •^). All the rate constant are the 
average of atleast two identical runs. 
Tables L27 to L32 : Effect of Temperature on the Observed Rate 
Constant (ky) 
Daring the study of temperature effect, the conditions 
employed were same as described in the absence of SDS. Under 
the conditions that the [SDS]^ cmc (0.01 moldm"^). Activation 
parameters are evaluated using linear least square technique. 
The results are computed by using FORTRAN VAX-11/780. All the 
rate constants are average of at least two identical runs. 
At the end of the Tables various figures have been presented 
with appropriate captions. 
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TABLE L7 EFFECT OF THE CONCENTRATION OF 
LEUCINE 0>] THE RATE CONSTANT IN THE PRESENCE 
OF SDS. 
525 525 
Time(nin) A InA 
obs obs 
0 0. 450 -0. 7985 
5 0.345 -1.0642 
10 0.260 -1.3470 
15 0.200 -1.6094 
20 0. 150 -1. 8971 
25 0. 115 -2. 1628 
20 0. 085 -2. 4651 
35 0. 065 -2. 7333 
AO 0. 050 -2. 9957 
k =9. Ixl0**5-1. 
T£riP=30* , CL3=0. 14moldm-3, CH* ]=0. lOmoldm-3, 
CrirtOj* 3=2xlO'1noldm-3, p=0. 20,-noldm-3, ESDS3=0. Olmoldm-^ 
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TADLE L8 EFhECT OF THE COi-ICENTRATION OF 
LhUCINE ON THE RATE CONSTANT IN THE PRESENCE 
OF SDS. 
525 525 
Time(nin) A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
0. 460 
0. 365 
0. 285 
0.220 
0. 175 
0. 140 
0. 110 
0. 085 
0. 070 
0.055 
0. 040 
-0. 7765 
-1. 0078 
-1. 2552 
-1. 5141 
-1. 7429 
-1. 9661 
-2. 2072 
-2. 4651 
-2. 6592 
-2. 9004 
-3. 2188 
kg, =8. 0x10*^-1. 
TEf1P«30* , CL3=0. 12moldm-3, CH "*• 3=0. lOmoldm-3, 
CMnO^ 3 =2x10*^00Idm-S, f»=0. 20moldm-3, CSDS3=0. Oimoldw"^ 
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TABLE L9 : EFFECT OF THE CONCENTRATION OF LEUCINE 
ON THE RATE CONSTANT IN THE PRESENCE OF SDS. 
TimeCrj in) 
0 
5 
10 
15 
2 0 
2 5 
3 0 
3 5 
AO 
4 5 
50 
6 0 
7 5 
9 0 
R*=<A 
A c o r 
TE»P= 
CflnOr 
5 2 5 
A 
obs 
0. 4 7 0 
0. 4 1 0 
0. 3 5 0 
0 . 3 0 5 
0. 2 6 0 
0 . 2 3 0 
0. 2 0 0 
0. 180 
0. 150 
0. 135 
0. 120 
0 . 0 9 0 
0. 0 6 5 
0 . 0 4 0 
= A ^ * ^ -
30** , EL3= 
1-2x10'*^ 
5 2 5 
A 
c o r 
0. 4 7 0 0 
0. 4 0 5 0 
0. 3 4 5 0 
0. 3 0 0 0 
0. 2 5 5 0 
0. 2 2 0 0 
0. 1900 
0. 1650 
0. 1400 
0. 1200 
0. 1050 
0. 0 7 5 0 
0. 0 5 0 0 
0. 0 3 0 0 
i n f . = ( 0 . 0 1 0 / 0 
A * ^ ° X R* 
0. 08. 'noldm-3, 
TJOld .T.-3. p-0. 
CH 
20, 
5 2 5 
In A i 
c o r 1 
- 0 . 7 5 5 0 1 
- 0 . 9 0 3 8 i 
- 1 . 0 6 4 2 1 
- 1 . 2 0 3 9 } 
- 1 . 3 6 6 4 ! 
- 1 . 5 1 4 1 
- 1 . 6 6 0 7 ! 
- 1 . 8 0 1 8 
- 1 . 9 6 6 1 
- 2 . 1202 ! 
- 2 . 2 5 3 7 ! 
- 2 . 5 9 0 2 i 
- 2 . 9 9 5 7 ! 
- 3 . 5 0 6 5 i 
k_=5. O x l O ' ^ ^ s - l . j 
0 5 0 ) i 
"** 3=0. lOmoldm-3 , ! 
noldffl-3, CSDS3=0. O l m o l d m * ^ I 
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TABLE LiO : EFFECT OF THE CONCENTRATION OF LEUCIN£ 
ON THE RATE CONSTANT IN THE PRESEPiCE OF SDS. 
TimeCnin 
0 
5 
10 
15 
20 
25 
30 
35 
45 
60 
75 
90 
105 
120 
135 
R^={A' 
A cor 
T£rlP= 
CMnO^ 
525 
) A 
obs 
0. 480 
0.435 
0. 390 
0.350 
0. 310 
0.290 
0. 260 
0.240 
0. 200 
0. 150 
0. 120 
0. 100 
0. 080 
0.070 
0. 060 
=30* , CL3 = 
3=2xlO'"* 
525 
A 
cor 
0. 4800 
0. 4300 
0. 3800 
0. 3400 
0. 3000 
0. 2700 
0. 2400 
0. 2150 
0. 1700 
0. 1200 
0. 0850 
0. 0600 
0. 0450 
0. 0300 
0. 0200 
inf. =(0. 010/0. 
0. 06. 
moldf 
T»oldm-3/ 
T>-3, p=0. 
CH 
525 ! 
In A i 
cor { 
~0. 7339 ! 
-0. 8439 I 
-0. 9675 1 
-1.0788 I 
~1. 2039 I 
-1.3093 I 
-1. 4271 ! 
-1.5371 i 
-1.7719 ! 
-2. 1202 ! 
-2. 4651 
-2. 8134 i 
-3. 1010 ! 
-3. 5065 I 
-3. 9120 ! 
k-=3. BxlO-4'5-1. j 
050) 
^ 3=0. 10moldm-3» I 
20n»oldn-3, CSDS3=0. Olmoldm'* ! 
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TABLE Lll EFFECT OF THE CONCENTRATION OF LEUC) ^J'E 
T!l£ RATE CONSTANT IN THE PRESENCE OF SDS. 
Time<oin 
0 
5 
10 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
ISO 
525 
) A 
obs 
0. 495 
0.460 
0.430 
0. 410 
0. 330 
0. 270 
0.220 
0. 180 
0. 160 
0. 145 
0. 120 
0. 110 
0. 100 
0. 090 
0.085 
Sl5 4*20 
R<.= (A /A ) 
Ac or =f\ ^ -
1E»P= 
CMnqr 
=3<f , EL3 = 
3=2ao-* 
inf. 
525 
A 
cor 
0. 4950 
0. 4550 
0. 4200 
0. 3900 
0. 3100 
0. 2400 
0. 1900 
0. 1400 
0. 1200 
0. 0950 
0. 0700 
0. 0600 
0. 0450 
0. 0350 
0. 0250 
= (0. 010/0. 
X R*. 
0. 04ffloldm-3> 
mold<T»-3,/J=0. 
IH' 
525 i 
In A 
cor ! 
-0. 7031 ! 
-0. 7874 J 
-0. 8675 I 
-0. 9416 ! 
-1. 1711 ! 
-1.4271 
-1.6607 ! 
-1.9661 
-2. 1202 
-2. 3538 
-2. 6592 ! 
-2. 8134 
-3. 1010 
-3. 3524 5 
-3. 6888 
kw=2. 6xl0'*^s-l. j 
050) i 
•** 3=0. lOmoldm-3, ! 
20mold(n-3, CSDS]=0. 01moId|»f S ,' 
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TADLE L12 : EFFECT OF THE CONCENTRATION OF LEUCINiE 
ON THE RATE CONSTANT IN THE PRESENCE OF SDS. 
TimeCnin 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
60 
75 
90 
105 
120 
135 
R*-={A^  
A cor 
TEMP= 
CMnOr 
525 
) A 
obs 
0. 495 
0. 475 
0. 450 
0. 430 
0. 410 
0.395 
0. 380 
0.360 
0. 340 
0.320 
0. 280 
0.240 
0. 220 
0.200 
0. 180 
0. 165 
'^s,^^, 
=A*»* -
=30* , CL3= 
3=2xlO"'4, 
inf. 
525 
A 
cor 
0. 4950 
0. 4650 
0. 4400 
0. 4100 
0. 3900 
0. 3700 
0. 3450 
0. 3250 
0. 3100 
0. 2900 
0. 2400 
0. 2000 
0. 1700 
0. 1400 
0. 1200 
0. 1000 
= (0. 010/0. 
A X R* 
D. 03/noldm-3, 
T?oldm-3» p=0. 
525 ! 
In A ! 
cor ! 
-0. 7031 
-0. 7657 ! 
-0. 8209 i 
-0.8915 ! 
-0. 9416 i 
-0. 9942 i 
-1.0642 i 
-1. 1239 1 
-1. 1711 1 
-1.2378 i 
-1.4271 ! 
-1.6094 i 
-1.7719 1 
-1.9661 ! 
-2. 1202 ! 
-2. 3025 ! 
k =2. OxiO^^s-l. j 
050) I 
CH* 3=0. lOmoldm-3, 
20«T! oldm-3,CSDS]=0. Olmoldm'* | 
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TABLE L17 : EFFECT OF THE CDi'iCENTRATION OF CH'^3 
ON THE RATE CCMSTANT IN THE PRESENCE OF SDS. 
TimeCmin 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
75 
90 
525 
) A 
obs 
0. 460 
0. 420 
0. 385 
0.350 
0. 330 
0.300 
0. 280 
0.260 
0. 240 
0.220 
0. 210 
0. 190 
0. 175 
0. 140 
0. 115 
TEHPs 
CMnOr 
=3(f , CL3=0. 
525 
A 
cor 
0. 4600 
0.4150 
0. 3800 
0. 3450 
0. 3150 
0. 2850 
0. 2600 
0. 2350 
0. 2150 
0. 1950 
0. 1800 
0. 1600 
0. 1450 
0. 1100 
0. 0800 
525 { 
In A { 
cor 1 
-0. 7765 \ 
-0. 8794 1 
-0. 9675 ! 
-1.0642 ! 
-1. 1551 i 
-1.2552 \ 
-1. 3470 } 
-1.4481 i 
-1. 5371 I 
-1.6347 ! 
-1.7147 ! 
-1.8325 ! 
-1. 9310 ! 
-2. 2072 1 
-2. 5257 ! 
k_=3. IxlC^s-l. 1 
inf. =(0.010/0.050) I 
A*^° X R* 1 
OSmoldm-3/ 
3=2xlO"4'mold! Ti-3, p=0. 
CH"** 3=0. 20moldm-3, i 
20noldn»-3, tSDS3=0. Olmoldnf^ 1 
(J tj '^ 
TABLE LIS EFFECT OF THE CONCENTRATION OF CH+l 
ON THE RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(jnir 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
R-*=<A^  
J2.S 
A cor 
TEr{P= 
CMnO^ 
> 
525 
A 
obs 
0. 460 
0. 415 
0.380 
0. 340 
0.310 
0. 280 
0.250 
0. 230 
0.210 
0. 190 
0. 170 
0. 160 
0. 145 
0. 135 
0. 125 
0. 120 
525 
A 
cor 
0. 4600 
0. 4100 
0. 3700 
0. 3300 
0. 2950 
0. 2650 
0. 2350 
0. 2100 
0. 1900 
0. 1700 
0. 1500 
0. 1350 
0. 1200 
0. 1100 
0. 1000 
0. 0900 
^^/A"*^ )inf. =(0.010/0. 
= A**" - A^ X R* 
-•3(f , CL3=0. 
3 = 
525 { 
In A ! 
cor 1 
-0. 7765 I 
-0.8915 ! 
-0. 9942 I 
-1. 1086 i 
-1.2207 
-1. 3280 i 
-1.4481 } 
-1. 5606 1 
-1.6607 j 
-1.7719 i 
-1.8971 
-2. 0024 i 
-2. 1202 1 
-2. 2072 ! 
-2. 3025 ! 
-2. 4079 ! 
k-=3. 6«10''*s-l. 1 
050) I 
08{noldm-3. CH* 3=0. 15moldm-3i i 
2xl0"'*<nold m-3, p=0. 20m oldn-3. CSDS3=0. Olmoldm""^ i 
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TABLE L19 EFFECT OF THE CONCENTRATION OF CH*] 
ON THE RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(nin 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
A cor 
TENP= 
Z'/mOf 
525 
> A 
obs 
0. 470 
0. 410 
0. 350 
0.305 
0.260 
0.230 
0. 200 
0. 180 
0. 150 
0. 135 
0. 120 
0. 110 
0. 090 
0.080 
0. 075 
0.065 
525 
A 
cor 
0. 4700 
0. 4050 
0. 3450 
0. 3000 
0. 2550 
0. 2200 
0. 1900 
0. 1650 
0. 1400 
0. 1200 
0. 1050 
0. 0950 
0. 0750 
0. 0650 
0. 0600 
0. 0500 
^^/A*^** )inf. =(0.010/0. 
= A - A X R-* 
=30°, CL3=0 
32xlO'*4'mo 
525 
In A I 
cor { 
-0. 7550 5 
-0. 9038 { 
-1.0642 5 
-1.2039 { 
-1. 3664 i 
-1.5141 I 
-1.6607 
-1.8018 ! 
-1.9661 ! 
-2. 1202 ! 
-2. 2537 J 
-2. 3538 i 
-2. 5902 ! 
-2. 7333 ! 
-2. 8134 1 
-2. 9957 i 
k_=5. 0xl0"*4s-l. j 
050) ! 
08.'noldm-3, EH* 3=0. lOmoldm-3, i 
Idm--3, |J=0. 20n>c >ldm-3, CSDS3=0. Olmoldm-^ I 
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TABLE L20 EFFECT OF THi£ CONCENTRATION OF CH*J 
ON THE RATE CC^fSTANT IN THE PRESENCE OF SDS. 
525 525 
Time<nin) A In A 
obs obs 
0 
5 
io 
15 
20 
25 
30 
35 
0. 470 
0. 370 
0.290 
0. 225 
0. 175 
0. 135 
0. no 
0.085 
-0. 7550 
-0. 9942 
-1. 2378 
-1. 4916 
-1. 7429 
-2. 0024 
-2. 2072 
-2. 4651 
k,=S. Ixl0*"^s-1. I 
T£HP=30" , tLl=0. 08iT>oldm-3, CH 3=0. 05moldm-3, 
CMnO^ 3=2xlO-'«-ooldc.-3, |J=0. 20moldni-3, CSDSD=0. Olmoldoi' 
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TABLE L 2 7 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT I N THE PRESENCE OF SDS. 
Time<min> 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
60 
75 
90 
R*-=< 
525 
A 
obs 
0. 460 
0. 425 
0.390 
0. 350 
0.330 
0. 300 
0.280 
0. 260 
0.240 
0. 220 
0. 175 
0. 140 
0. 110 
/^^/^*0>inf. 
525 
A 
cor 
0. 4600 
0. 4200 
0. 3800 
0. 3450 
0. 3150 
0. 2850 
0. 2600 
0. 2400 
0. 2150 
0. 1950 
0. 1450 
0. 1100 
0. 0800 
= <0. 010/0. 
525 
In A 
COT 
-0. 7765 
-0. 8675 
-0. 9675 
-1. 0642 
-1. 1551 
-1. 2552 
-1.3470 
-1. 4271 
-1. 5371 
-1. 6347 
-1. 9310 
-2. 2072 
-2. 5257 
050) 
k-=3. IxlO^^s-l. 
A^llr = A S I ? - A * " X R» 
1EMP=30'* , li.1^0. 08moldm-3, CH* 3=0. 20moldffl-3, 
CMnQ4r3=2xlO"'*moldrr.-3, p=0. 20jnoldm-3» CSDS3=0. Olmoldm-*, 
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TABLE L23 EFFECT OF TEHPERATURE ON THE 
RATE COts'STANT IN THE PRESENCE OF SDS. 
Time<nin) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
525 
A 
obs 
0.450 
0. 390 
0.350 
0. 310 
0.280 
0. 250 
0.220 
0. 200 
0. 175 
0. 160 
0. 140 
0. 130 
0. 120 
525 
A 
cor 
0. 4500 
0. 3900 
0. 3400 
0. 2950 
0. 2600 
0. 2250 
0. 1950 
0. 1700 
0. 1450 
0. 1300 
0. 1100 
0. 0950 
0. 0850 
525 
In A 
cor 
-0. 7985 
-0. 9416 
-1. 0788 
-1. 2207 
-1. 3470 
-1. 4916 
-1. 6347 
-1. 7719 
-1. 9310 
-2. 0402 
-2. 2072 
-2. 3538 
-2. 4651 
k.=4. 6xl0-*s-l. 
Ca£ 4,2,0 
R*-=<A /A*^ > i n f . = ( 0 . 0 1 0 / 0 . 0 5 0 ) 
A c o r = A - A xR-» 
1EMP=35*, EL3=0. 0S.'noldm-3, CH*3=0. 20moldm-3, 
i :Knqra=2xlO"*^moldm~3,^=0. 20oo ldm-3 , CSDSa=0. Ol fao ldm"^ 
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TABLE LS? EFFECT OF TE$1PERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
•ime(.i[»in) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
53 
R*-= < A 
5^2.5 
A cor = 
525 
A 
obs 
0. 460 
0. 380 
0.310 
0.260 
0.220 
0. 180 
0. 150 
0. 130 
0. 110 
525 
A 
cor 
0. 4600 
0. 3700 
0. 2950 
0. 2350 
0. 1900 
0. 1550 
0. 1200 
0. 1000 
0. 0800 
,$ 4.20 
/A* )inf. =(0.010/0. 
525 4»0 
= A * - A X R+ 
1EMP=40* , [:L3=0. 
C{1nQj3 = 2ylO''*«no 
08moldm-3> CH"* 
Idm--3. fj=0. 20nc 
525 
In A 
cor 
-0. 7765 
-0. 9942 
-1. 2207 
-1. 4481 
-1. 6607 
-1. 8643 
-2. 1202 
-2. 3025 
-2. 5257 
050) 
'3=0. 20mold<T 
ildm-3,CSDS3 
ky=7. SxlC^s-l. 1 
1-3, } 
=0. 01moldm'"'3 ! 
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TABLE L30 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(nin) 
0 
5 
10 
15 
20 
25 
30 
35 
AO 
45 
60 
75 
90 
105 
120 
135 
S' 
R*-=<A ' 
SzS 
A cor 
T EMP= 
CrinOj] 
525 
A 
obs 
0. 480 
0. 460 
0. 440 
0. 420 
0. 400 
0.380 
0. 360 
0.340 
0. 330 
0.320 
0. 270 
0.240 
0. 210 
0. 190 
0. 170 
0. 150 
525 
A 
cor 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
l5 4tO 
/fir )inf. =( 
30* , CL3=0 
=2xl0"**mo 
4800 
4500 
4250 
4000 
3800 
3550 
3350 
3100 
2950 
2800 
2300 
1900 
1600 
1400 
1150 
0900 
0. 010/0. 
X R-» 
525 
In A 
cor 
-0. 7339 
-0. 7985 
-0. 8556 
-0. 9162 
-0. 9675 
-1. 0356 
-1. 0936 
-1. 1711 
-1. 2207 
-1. 2729 
-1. 4696 
-1.6607 
-1. 8325 
-1. 9661 
-2. 1628 
-2. 4079 
050) 
j 
k =2. OxlO"fs-l. j 
06moldm-3, CH*3=0. 20moldm-3i ! 
Idm -3. ji=0. 2moLdr>-3/ CSDS3 = =0. Olmoldm-3 i 
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TABLE L31 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time<nin) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
60 
75 
90 
R*-=</«^ *^  
SzS 
A cor = 
TFhP=35* 
CflnOr 3 = 
525 
A 
obs 
0.470 
0. 430 
0.400 
0. 370 
0.340 
0. 320 
0. 290 
0. 270 
0. 250 
0. 230 
0. 190 
0. 150 
0. 135 
A 
, I:L3=O 
525 
A 
cor 
0. 4700 
0. 4250 
0. 3850 
0. 3450 
0. 3100 
0. 2850 
0. 2550 
0. 2300 
0. 2100 
0. 1900 
0. 1400 
0. 1000 
0. 0750 
inf. =(0.010/0. 
- A X R-* 
06moldm-3, CH+] 
2xl0"*n!0ld 
525 
In A 1 
cor ! 
-0. 7550 } 
-0. 8556 ! 
-0. 9545 ! 
-1.0642 1 
-1. 1711 ! 
-1.2552 ! 
-1.3664 ! 
-1.4696 ! 
-1.5606 1 
-1.6607 ! 
-1.9661 i 
-2. 3025 1 
-2. 5902 I 
k,=3. 3xl0**^s-l. 1 
050) ! 
=0. 20moldm-3* S 
•a-3,/u=0. 20molcln;-3, CSDS]=0. Olmoldnj"* , I 
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TABLE L32 EFFECT OF TEHPERATURE ON THE 
RATE CONfSTANT IN THE PRESENCE OF SDS. 
•ime<nin) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
525 
A 
0. 470 
0. 410 
0.370 
0. 320 
0.290 
0. 250 
0.220 
0. 195 
0. 180 
0. 160 
0. 150 
525 
A 
cor 
0. 4700 
0. 4000 
0. 3400 
0. 2900 
0. 2500 
0. 2100 
0. 1800 
0. 1500 
0. 1300 
0. 1100 
0. 0950 
525 
In A 
cor 
-0. 7550 
-0. 9162 
-1. 0788 
-1. 2378 
-1. 3862 
-1. 5606 
-1. 7147 
-1. 8971 
-2. 0402 
-2. 2072 
-2. 3538 
k-=5. 3xl0"*s-l. 
R*-=<A /A ) i n f . 
A cor = A - A X R* 
'IEMP=40* , CL3=0. 06moldm-3, CH*3=0. 20molclm-3, 
CMn0^3=2xlO"^moIdjn-3, fi=0. 20noldfii-3, CSDS3=0. Olmoldnf^ , 
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-3 -3 [ L ] = 0-03 motdm 
240 360 
Time, min 
C L ] =0-06motclm~ 
CLl = 0 -04mo ldm 
100 200 300 
T ime, min 
400 500 
CL3 = 0-08moldm - 3 
100 200 300 400 0 100 200 
Time, min Time, min 
Figure 2L V a r i a t i o n of the a b s o r b a n c e at 420 nm w i t h t ime at d i f f e r e n t 
concen t ra t i ons of leucine in the presence of SOS 
Temp. = 30°C; L H * : =0-10 moldm' '^. /J = 0-20 mo ldm"^ j 
CMnO^J = 2 X l d " moldm"^ ; C SDS 1 = 0-01 m o l d m ' 
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Figure 8L E f f ec t of t e m p e r a t u r e on the a b s o r b a n c e at A20nm 
w i t h t ime in the presence of 5DS 
Temp. = 35°C, CH*] =0-20 moldm"^. |LI = 0 ' 2 0 m o l d m ^ 
CMn0^3=:2X10"^moldm~*^ , CSDS3 = O-Olmoldm"^ 
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OXIDATION OF SLUTAMIC ACID IN THE ABSENCE OP SDS 
Tables Gl t o G5 : Ef fec t of t h e Concen t ra t ion of Grlutamic ac id 
on t h e Observed Rate Constants (k,,) 
The c o n c e n t r a t i o n of g lu t amic ac id was v a r i e d from 0 . 0 3 - 0 . 1 0 
moldm"-^ a t a f i xed [MnOT] = 2x10""^ moldm"^ and [H"*"] = 0 .10 moldm"^, 
-3 o 
|a = 0.20 moldm and at a constant temperature = 30 . The rate 
constants increases as the [G] is increased. All the rate 
constants are the average of atleast two identical runs. 
Tables Gil to 614 : Effect of the [H"*"] on the Observed Rate 
Constants (k™) 
The concentration of hydrogen ion is varied with perchloric 
-3 -3 
acid in the range of 0.05 to 0.20 moldm at fixed n = 0.20 moldm 
[6] = 0.07 moldm"', [MnOT] = 2xlO~^ moldm""^  and temperature = 30°. 
All the rate constants are the average of atleaast two identical 
runs. 
Tables 619 to 630 : Effect of Temperature on the Observed Rate 
Constants (k^) 
The temperature effect is studied in the range of 30 to 40° 
at different concentrations of glutamic acid (0,06 and 0.10 moldm ), 
at different concentrations of hydrogen ion (0.05 and 0.20 moldm ) 
at a fixed \x. - 0,20 moldm"' and [MnOT] = 2xl0" moldm"'. Activation 
parameters are evaluated using linear least square technique. The 
237 
r e s u l t s are computed by using FORTRAN VAX-11/780. All the r a t e 
constants are the average of a t l e a s t two i d e n t i c a l runs. 
At the end of the Tables various f igures have been 
presented with appropriate cap t io r s . 
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TABLE Gl EFFECT OF THE CONCENTRATION OF 
GLUTAI^ .IC ACID ON THE RATE CONSTANT IN THE 
ABSENCE OF SDS. 
Time(nin 
0 
15 
20 
45 
60 
75 
90 
105 
120 
150 
ISO 
210 
240 
270 
300 
5 
R-*=(A 
szs 
A cor 
TErlP= 
CMnO^^ 
525 
) A 
obs 
0. 485 
0. 440 
0. 390 
0.350 
0. 310 
0.280 
0. 250 
0.230 
0. 210 
0. 180 
0. 155 
0. 120 
0. 090 
0.080 
0. 070 
/A ):Lnf. 
= A — A 
525 
A 
cor 
0. 4850 
0. 4350 
0. 3850 
0. 3450 
0. 3050 
0. 2700 
0. 2400 
0. 2100 
0. 1900 
0. 1600 
0. 1300 
0. 1000 
0. 0700 
0. 0600 
0. 0500 
= (0. 010/0. 
X R* 
525 
In A 
cor 
-0. 7236 
-0. 8324 
-0. 9545 
-1. 0642 
-1. 1874 
-1. 3093 
-1. 4271 
-1. 5606 
-1. 6607 
-1. 8325 
-2. 0402 
-2. 3025 
-2. 6592 
-2. 8134 
-2. 9957 
V-
050) 
30* , CLD=0. lOmoldm-3, CH^^sO. lOmoldm-3, 
=2j(10'*+fnoldm--3i jj=0. 20noldm-3, CSDS3=NIL. 
2xio"**5-i. ; 
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TABLE G2 EFFECT OF THE C0^4CENTRATI0N OF 
GLUFAfllC ACID ON THE RATE CONSTANT IN THE 
ABSENCE OF SDS. 
Time<nin 
0 
15 
30 
45 
60 
75 
90 
105 
120 
150 
180 
210 
240 
270 
300 
R*=<A 
SlS 
A cor 
"1 EMP= 
CMnOj3 
525 
) A 
obs 
0. 485 
0. 455 
0. 420 
0. 395 
0.370 
0. 350 
0.340 
0. 310 
0. 300 
0. 275 
0.250 
0. 220 
0.200 
0. 160 
0. 140 
xS -10 
/A* ) 
= A -
30" > CG3=< 
inf. 
A 
525 
A 
cor 
0. 4850 
0. 4450 
0. 4100 
0. 3800 
0. 3500 
0. 3200 
0. 3000 
0. 2700 
0. 2500 
0. 2200 
0. 1900 
0. 1600 
0. 1400 
0. 1100 
0. 0900 
= (0. 020/0. 
X R# 
525 
In A 
cor 
-0. 7236 
-0. 8096 
-0. 8915 
-0. 9675 
-1. 0498 
-1. 1394 
-1. 2039 
-1. 3093 
-1.3862 
-1. 5141 
-1.6607 
-1. 8325 
-1. 9661 
-2. 2072 
-2. 4079 
k =9 
050) 
}. 07moldm-3, CH+lsO. lOmoldm-3, 
=2x10 moldin--3/ p=0. 20mc ldm-3/CSDS]=NIL. 
OxlO*'s-l. ! 
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TABLE G3 EFFECT OF THE CDhiCENTRATIDN OF 
GLUTAMIC ACID ON THE RATE CONSTANT IN THE 
ABSENCE OF SDS. 
rime(nin) 
0 
15 
30 
45 
60 
90 
120 
150 
IBO 
210 
240 
270 
300 
330 
360 
525 
A 
obs 
0. 485 
0. 460 
0. 430 
0. 415 
0. 395 
0.360 
0. 330 
0.300 
0. 280 
0.250 
0. 235 
0.210 
0. 190 
0. 170 
0. 150 
525 
A 
cor 
0. 4050 
0. 4500 
0. 4200 
0. 4000 
0. 3700 
0. 3200 
0. 2800 
0. 2400 
0. 2100 
0. 1800 
0. 1600 
0. 1400 
0. 1200 
0. 1000 
0. 0900 
525 
In A 
cor 
-0. 7236 
-0. 7985 
-0. 8675 
-0. 9162 
-0. 9942 
-1. 1394 
-1. 2729 
-1. 4271 
-1. 5606 
-1. 7147 
-1. 8325 
-1. 9661 
-2. 1202 
-2. 3025 
-2. 4079 
k^=7. 6xl0""^5-l. 1 
R*=(A /A ):Lnf. =(0. 040/0. 030> 
StS SlS 4tO 
A cor = A - A X R* 
TEriP=30* / ZQl-O. 06molclm-3, CH 3=0. lOmoldm-3, 
CMnq|3=2«10'"^moldf3-3,/j=0. 20.-noldm-3, CSDS3 = f^fli 
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TABLE 04 : EFFECT OF THE C0NCEr4TRATI0N OF 
GLUTAMIC ACID ON THE RATE C0MSTAr4r IN THE 
ABSENCE OF SDS 
Time<Qin 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
480 
510 
R-*=(A^ 
A cor 
TErlP= 
CNnO^] 
525 
) A 
obs 
0. 500 
0. 470 
0.450 
0. 430 
0. 410 
0. 380 
0.370 
0. 350 
0.330 
0. 320 
0.300 
0.270 
0.250 
0. 230 
0.220 
0.200 
0. 190 
0. 180 
5*25 
= A 
=30* , C03 = 
inf. 
A 
525 
A 
cor 
0. 5000 
0. 4550 
0. 4150 
0. 3800 
0. 3500 
0. 3100 
0. 2900 
0. 2600 
0. 2400 
0. 2200 
0. 2000 
0. 1800 
0. 1600 
0. 1400 
0. 1300 
0. 1200 
0. 1100 
0. 1000 
= (0. 040/0. 
X R* 
0. 04moldm-3i 
=2«10'*Q0ldRj -3»^=0. 2 
525 
In A 
cor 
-0. 6931 
-0. 7874 
-0. 8794 
-0. 9675 
-1. 0498 
-1. 1711 
-1. 2378 
-1. 3470 
-1. 4271 
-1. 5141 
-1.6094 
~1. 7147 
-1. 8325 
-1. 9661 
-2. 0402 
-2. 1202 
-2. 2072 
-2. 3025 
k^=5. 
060) 
CH^JsO. lOmoldm-3, 
Onoldm-3,CSDS3=NIL. 
0xl0"^5-l. 1 
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TABLE 05 EFFECT OF THE CONCENTRATION OF 
GLUTAMIC ACID ON THE RATE CONSTANT IN THE 
ABSENCE OF SDS. 
rime<inin 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
480 
510 
5 
R-*=(A 
SZS 
A cor 
TEnP= 
CMnO^] 
525 
> A 
obs 
0. 500 
0. 490 
0.485 
0. 470 
0. 460 
0. 455 
0. 430 
0. 410 
0.400 
0. 380 
0.380 
0. 370 
0.350 
0. 340 
0.320 
0. 310 
0.295 
0. 270 
/A >inf. 
= A - A 
525 
A 
cor 
0. 5000 
0. 4700 
0. 4400 
0. 4100 
0. 3900 
0. 3700 
0. 3400 
0. 3100 
0. 2900 
0. 2700 
0. 2600 
0. 2400 
0. 2200 
0. 2100 
0. 1900 
0. 1800 
0. 1600 
0. 1500 
= (0. 045/0. 
< R« 
525 
In A 
cor 
-0. 6931 
-0. 7550 
-0. 8209 
-0. 8915 
-0. 9416 
-0. 9942 
-1.0788 
-1. 1711 
-1. 2378 
-1. 3093 
-1. 3470 
-1. 4271 
-1. 5141 
-1. 5606 
-1. 6607 
-1. 7147 
-1. 8325 
-1. 8971 
t<^ =3. 
050) 
=3cf . CG3=0. 03moldm-3, CH'*3=0. lOmoldm-3/ 
=2xlO'*^moldn--3, |J=0. 20iTic ldm-3,ESDS3=NIL. 
6xJ0-^s-l. 1 
TAI3LE Oil EFFECT OF THE CH"**] ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
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rime<nin) 
0 
15 
30 
60 
90 
120 
150 
leo 
?10 
2'sO 
270 
300 
330 
3fc0 
390 
420 
450 
R*-=<A 
SZ5 
A cor = 
TFhpsSo" 
525 
A 
obs 
0. 485 
0. 470 
0. 440 
0. 410 
0.390 
0. 360 
0. 350 
0. 300 
0. 270 
0. 240 
0.220 
0. 200 
0. 180 
0. 160 
0. 145 
0. 130 
0. 110 
) 4.2.0 
/A ) 
A — 
,CG3=0 
CMnqf 3=2>10"'*,:5 
inf. 
525 
A 
cor 
0. 4850 
0 46G0 
0. 4350 
0. 3900 
0. 3600 
0. 3200 
0. 3000 
0. 2500 
0. 2200 
0. 2000 
0. 1800 
0. 1600 
0. 1400 
0. 1300 
0. 1150 
0. 1000 
0. 0900 
= (0. 010/0. 
1 R* 
07moldm-3, EH*] 
oldm -3, p==0. 20no 
525 
In A 
cor 
-0. 7236 
-0. 7765 
-0. 8324 
-0. 9416 
-1. 0216 
-1. 1394 
-1. 2039 
-1. 3862 
-1. 5141 
-1. 6094 
-1. 7147 
-1. 8325 
-1. 9661 
-2. 0402 
-2. 1628 
-2. 3025 
-2. 4079 
hr^-
025) 
= 0. 20moldm-3 
ldm-3,CSDS3=NIL. 
6xl0''*s--1. 1 
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TABLE G12 EFFECT OF THE tH*3 ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
ime<-nin> 
0 
15 
30 
45 
60 
90 
120 
150 
ISO 
210 
2A0 
270 
300 
330 
360 
390 
52 
R<^ ={A 
jSzS 
A cor •• 
525 
A 
obs 
0. 485 
0. 460 
0. 440 
0. 410 
0. 400 
0.360 
0. 330 
0.300 
0. 270 
0.250 
0. 220 
0.200 
0. 170 
0. 150 
0. 140 
0. 120 
TFMP =3cf* , EG3= 
CMn0^3 = 
inf. 
420 
A 
525 
A 
cor 
0. 4850 
0. 4550 
0. 4300 
0. 4000 
0. 3800 
0. 3300 
0. 2900 
0. 2600 
0. 2300 
0. 2100 
0. 1800 
0. 1600 
0. 1400 
0. 1200 
0. 1100 
0. 0950 
= (0. 010/0. 
X R* 
0. 07moldm-3> 
2ylO''*moldm 
CH+ 
-3,/j=0. 20nc 
525 
In A 
cor 
-0. 7236 
-0. 7874 
-0. 8439 
-0. 9162 
-0. 9675 
-1. 1086 
-1. 2378 
-1. 3470 
-1. 4696 
-1. 5606 
-1. 7147 
-1. 8325 
-1. 9661 
-2. 1202 
-2. 2072 
-2. 3538 
k^=6. 
025) 
3=0. 15moldm-3> 
ldm-3/CSDS:=NIL. 
8xl0"**s--1. { 
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TABLE G13 EFFECT OF THE CH"*": ON THE 
RATE CONSTANT T.H THE ABSENCE Or SDS. 
Time(min> 
0 
15 
30 
45 
60 
75 
90 
105 
120 
150 
180 
210 
240 
270 
300 
525 
A 
obs 
0. 485 
0. 455 
0. 420 
0. 395 
0.370 
0. 350 
0.340 
0. 310 
0.300 
0. 275 
0.250 
0. 220 
0.200 
0. 160 
0 140 
525 
A 
cor 
0. 4850 
0. 4450 
0. 4100 
0. 3800 
0. 3500 
0. 3200 
0. 3000 
0. 2700 
0. 2500 
0. 2200 
0. 1900 
0. 1600 
0. 1400 
0. 1100 
0. 0900 
525 
In A 
cor 
-0. 7236 
-0. 8096 
-0. 8915 
-0. 9675 
-1. 0498 
-1. 1394 
-1. 2039 
-1. 3093 
-1.3862 
-1. 5141 
-1. 6607 
-1. 8325 
-1. 9661 
-2. 2072 
-2. 4079 
k_=9. OxlO-^s-l. 
Si5 4^ 0 
R*.= (A /A )inf. =(0.010/0.025) 
SlB SiS 4XO 
A cor = A - A X R* 
JEri?=3d*. CG3=0. 07moldm-3, CH^lsQ. lOmoldm-3. 
i:Mn04;3=2)flO'"*nioldm-3, p=0. 20moldm-3/ CSDS3=NIL. 
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TABLE G14 EFFECT OF THE CH^3 ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
525 525 
Time(nin> A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
40 
45 
60 
75 
90 
105 
120 
135 
150 
0. 495 
0.465 
0. 445 
0.420 
0. 405 
0.385 
0. 360 
0.320 
0. 310 
0.270 
0. 220 
0.200 
0. 170 
0. 140 
0. 120 
0. 100 
-0. 7031 
-0. 7657 
-0. 8096 
-0. 8675 
-0. 9038 
-0. 9545 
-1. 0216 
-1. 1394 
-1. 1711 
-1. 3093 
-1. 5141 
-1. 6094 
-1.7719 
-1. 9661 
-2. 1202 
-2. 3025 
k_=l. 75xl0'"''s-l! 
_Z ! 
TFnp=30* , CG3=0. 07<aoldm-3, CH"*"]^ ©. 05moldm-3, 
CrinOrD=2>ilO'"*moId<u-3,/j=0. 20noldm-3 , CSDS3=NIL. 
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TABLE 019 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE Or SDS. 
Time(<ain 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
6 
R*-=<A 
IEMP= 
525 
) A 
ob& 
0.480 
0. 435 
0.390 
0. 360 
0.320 
0.290 
0.270 
0. 240 
0.220 
0. 200 
0. 180 
0. 170 
0. 155 
0. 140 
0. 120 
15 4i0 
/A >inf. 
A - A X 
525 
A 
cor 
0. 4800 
0. 4300 
0. 3800 
0. 3400 
0. 3000 
0. 2700 
0. 2400 
0. 2100 
0. 1900 
0. 1700 
0. 1500 
0. 1350 
0. 1250 
0. 1100 
0. 0950 
= <0. 010/0. 
R* 
=3Cf , CG3=0. lOmoldm-3, CH 
CrinCr32xlO"^moldm-
525 
In A 
cor 
-0. 7339 
-0. 8439 
-0. 9675 
-1. 0788 
-1.2039 
-1. 3093 
-1. 4271 
-1. 5606 
-1. 6607 
-1. 7719 
-1. 8971 
-2. 0024 
-2. 0794 
-2. 2072 
-2. 3538 
k-_=6. 
050) 
30. 20moldm-3. 
-3,^=0. 20moldn-3/ CSDS3=NIL. 
3xl0-^s--1. ! 
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TABLE 020 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
525 525 
Time<nin) A In A 
obs obs 
O O. 480 -0. 7339 
5 0. 445 -0. 8096 
10 0. 415 -0. 8794 
15 0. 380 -0. 9675 
20 0.355 -1.0356 
25 0. 325 -1. 1239 
30 0. 310 -1. 1711 
35 0.285 -1.2552 
40 0.260 -1.3470 
45 0. 240 -1. 4271 
60 0. 195 -1. 6347 
75 0. 155 -1. 8643 
90 0. 120 -2. 1202 
105 0. 100 -2. 3025 
120 0. 080 -2. 5257 
k^=2. 5xlO'"*s-l. j 
At TEMP=30**c, EG3=0. lOmoldn-3, CH"*"3=0. 05moldm-5, 
Ef1nO^ 3=2)110~*(7joldm-3,^ =0. 20nioldm-3, CSDS3=NIL. 
TABLE 0 2 1 EFECT OF TEMPERATURE ON THE 
RATE CONSTANT I N THE ABSENCE OF SDS. 
219 
Time<nin 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
195 
210 
240 
c 
A cor 
T£HP= 
CMnO^] 
525 
) A 
obs 
0. 485 
0. 435 
0.395 
0. 350 
0.330 
0. 305 
0.280 
0. 250 
0.220 
0. 210 
0. 190 
0. 170 
0. 150 
0. 140 
0. 130 
0. 110 
»a5 4^zo 
/A )inf. 
= A - A 
=35* , C03=0. 
525 
A 
cor 
0. 4050 
0. 4300 
0. 3900 
0. 3500 
0. 3200 
0. 2900 
0. 2600 
0. 2300 
0. 2050 
0. 1900 
0. 1700 
0. 1500 
0. 1350 
0. 1200 
0. 1100 
0. 0900 
= (0. 010/0. 
X R* 
525 
In A 
cor 
-0. 7236 
-0. 8324 
-0. 9416 
-1. 0498 
-1. 1394 
-1. 2378 
-1. 3470 
-1. 4696 
-1. 5847 
-1. 6607 
-1. 7719 
-1. 8971 
-2. 0024 
-2. 1202 
-2. 2072 
-2. 4079 
k^=l. 
040) 
lOmoldm-3, CH'''3=0. 20moldm-3, 
=2xl0~^fnoldm -3, fj=0. 20noldm-3, [:SDS3=NIL. 
IxlO'-^s-l. J 
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TABLE G22 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time<nin) 
0 
5 
10 
15 
20 
25 
30 
35 
AO 
45 
50 
55 
60 
70 
75 
80 
85 
525 
A 
obs 
0. 490 
0. 450 
0. 410 
0.380 
0. 345 
0. 320 
0. 295 
0.270 
0. 250 
0.220 
0. 205 
0. 190 
0. 175 
0. 150 
0. 130 
0. 120 
0. 110 
525 
In A 
obs 
-0. 7133 
-0. 7985 
-0.8915 
-0. 9675 
-1. 0642 
-1. 1394 
-1. 2207 
-1. 3093 
-1. 3862 
-1. 5141 
-1. 5847 
-1. 6607 
-1. 7429 
-1.8971 
-2. 0402 
-2. 1202 
-2. 2072 
kj_=2. 8<10~ '* '5-1 . 
TEf^P=35° . CG3=0. 10.T>oldm-3i CH^3=0. 0 5 m o l d m - 3 , 
CMn0^3=2<lO'"*moldm-3, |>=0. 2 0 n o l d m - 3 , CSDS3=NIL. 
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TABLE G23 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Tifne<nin 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
70 
75 
SO 
90 
105 
5 
R-*=(A 
5*45 
A cor 
TD1P= 
crjno^: 
525 
) A 
ob& 
0. 480 
0. 450 
0. 410 
0. 380 
0.355 
0. 340 
0. 320 
0. 300 
0.280 
0. 265 
0.250 
0. 240 
0.220 
0. 190 
0. 180 
0. 170 
0. 150 
0. 130 
•15" 420 
/A 
ifzS 
— A — 
=40* , CG3 = 
)inf 
4Z0 
A 
525 
A 
cor 
0. 4800 
0. 4450 
0. 4100 
0. 3800 
0. 3500 
0. 3300 
0. 3050 
0. 2800 
0. 2600 
0. 2400 
0. 2200 
0. 2100 
0. 1900 
0. 1650 
0. 1550 
0. 1450 
0. 1200 
0. 1000 
= (0. 010/0 
t R« 
0. lOmoldm-3, LH* 
=2xlO""*moldr.-- 3 , /J=0. 20.-TJ0 
525 
In A 
cor 
-0. 7339 
-0. 8096 
-0. 8915 
-0. 9675 
-1. 0498 
-1. 1086 
-1. 1874 
-1. 2729 
-1. 3470 
-1. 4271 
-1. 5141 
-1. 5606 
-1. 6607 
-1. 8018 
-1. 8643 
-1. 9310 
-2. 1202 
-2. 3025 
lu,=2. 
. 050) 
3=0. 20moldm-3/ 
ldm-3,CSDS3=NIL. 
5xl0'"'*5-l. 1 
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TABLE G24 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE DP SDS. 
525 52tj 
Time(nin> A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
0. 485 
0. 410 
0. 350 
0.300 
0. 250 
0.210 
0. 170 
0. 150 
0. 130 
0. 110 
0. 090 
-0. 7236 
-0. 8915 
-1. 0498 
-1. 2039 
-1. 3862 
-1. 5606 
-1. 7719 
-1.8971 
-2. 0402 
-2. 2072 
-2. 4079 
k,a5. SKICT^S-I. I 
—i. • 
TEnP=40* . CG]=0. lOinoldm-3, CH*'3=0. 05moldm-3. 
CMn0^3=2yi0~+Q0ldm-3. }j=0. 20fnoldm-3, C:SDS3=NIL. 
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TABLE 0 2 5 EFFECT OF TEHPERATURE ON THE 
RATE CONSTANT I N THE ABSENCE OF SDS. 
Time<nin) 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
480 
510 
R-*=<A 
Jiff A cor 
TEnP= 
CMno;: 
525 
A 
obs 
0. 480 
0. 445 
0. 425 
0. 405 
0.380 
0. 360 
0.340 
0. 320 
0.295 
0. 280 
0.270 
0. 250 
0. 230 
0. 215 
0.200 
0. 180 
0. 165 
0. 150 
.525 
= A ~ 
•3& 1 CG3 = 
inf. 
A 
525 
A 
cor 
0. 4800 
0. 4300 
0. 4000 
0. 3650 
0. 3350 
0. 3100 
0. 2800 
0. 2600 
0. 2300 
0. 2100 
0. 2000 
0. 1800 
0. 1650 
0. 1500 
0. 1350 
0. 1200 
0. 1100 
0. 1000 
= (0. 010/0. 
X R* 
0. 06ffloldm-3, 
=2<10"**moldm -3.p=0. 2 
CH 
On< 
525 
In A 
cor 
-0. 7339 
-0. 8439 
-0. 9162 
-1. 0078 
-1. 0936 
-1. 1711 
-1. 2729 
-1. 3470 
-1. 4696 
-1. 5606 
-1. 6094 
-1. 7147 
-1. 8018 
-1. 8971 
-2. 0024 
-2. 1202 
-2. 2072 
-2. 3025 
k_=4. 
020) 
**3=0. 20molclm-3, 
3ldm-3,CSDS3=NIL. 
SxlO^-^s-l. 1 
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TABLE G26 : EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
rime<nin) 
0 
5 
10 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
180 
210 
5*2 
R*=(A 
A cor = 
525 
A 
obs 
0. 480 
0. 470 
0. 455 
0. 435 
0. 385 
0.340 
0. 295 
0.270 
0. 250 
0.230 
0. 220 
0. 205 
0. 190 
0. 170 
0. 150 
S1.S 
'• A — 
TEJ1P=30*^ , CG3 = 
CHnOp= 
inf. 
4.JL0 
A 
525 
A 
cor 
0. 4800 
0. 4600 
0. 4400 
0. 4200 
0. 3700 
0. 3250 
0. 2800 
0. 2500 
0 2200 
0. 1900 
0. 1700 
0. 1450 
0. 1300 
0. 1000 
0. 0800 
= (0. 010/0. 
< R* 
525 
In A 
cor 
-0. 7339 
-0. 7765 
-0. 8209 
-0. 8675 
-0. 9942 
-1. 1239 
-1. 2729 
-1. 3862 
-1. 5141 
-1. 6607 
-1. 7719 
-1. 9310 
-2. 0402 
-2. 3025 
-2. 5257 
k^=l. 
020) 
0. 06moldm-3/ CH'**:=0. 05moldm-3i 
2xlO'"*r?ioldm -3, p=0. 20.-noldm-3, CSDS3=NIL. 
4xl0***s-l. 1 
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TABLE 027 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time<nin> 
0 
15 
30 
60 
90 
120 
150 
ISO 
210 
240 
270 
300 
330 
360 
390 
525 
A 
obs 
0. 495 
0. 470 
0 445 
0. 410 
0.380 
0. 335 
0.300 
0. 280 
0.250 
0. 220 
0.200 
0. 180 
0. 155 
0. 140 
0. 120 
525 
A 
cor 
0. 4950 
0. 4600 
0. 4350 
0. 3800 
0. 3300 
0. 2800 
0. 2450 
0. 2200 
0. 1950 
0. 1700 
0. 1500 
0. 1300 
0. 1100 
0. 1000 
0. 0850 
525 
In A 
cor 
-0. 7031 
-0. 7765 
-0. 8324 
-0. 9675 
-1. 1086 
-1. 2729 
-1. 4064 
-1. 5141 
-1. 6347 
-1. 7719 
-1.8971 
-2. 0402 
-2. 2072 
-2. 3025 
-2. 4651 
k-=7. SxlC^s-l. 
$Z5 4.iO R*.= <A /A ) in f . = ( 0 . 0 1 0 / 0 . 0 2 0 ) 
SZS §2.5 4-2.0 
"IEMP=35*, CG3=0. 06.'noldm-3, [ :H*3=0. 20moldm-3, 
CilnOr 3=2x10*^ mo ldr- . -3 ,p=0.20noldra-3, C:SDS3=NIL. 
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TABLE G2S : EFFECT OF TEMPERATURE ON THii 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time(nin 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
60 
70 
75 
SO 
90 
105 
R*=(A 
T£riP= 
525 
) A 
obs 
0. 490 
0. 465 
0. 435 
0. 405 
0. 300 
0.350 
0. 330 
0.310 
0. 290 
0.270 
0. 250 
0.230 
0.210 
0.200 
0. 185 
0. 175 
0. 160 
/A ) 
— A ~ 
=35*, C03 = 
inf. 
A 
525 
A 
cor 
0. 4900 
0. 4550 
0. 4250 
0. 3950 
0. 3700 
0. 3400 
0. 3200 
0. 3000 
0. 2800 
0. 2600 
0. 2400 
0. 2100 
0. 1850 
0. 1700 
0. 1500 
0. 1350 
0. 1150 
= (0. 020/0. 
X R# 
0. 06moldm-3, 
CNn0^j=2x 10'* mol dm -3,jU=0. 2 
525 
In A 
cor 
-0. 7133 
-0. 7874 
-0. 8556 
-0. 9288 
-0. 9942 
-1. 0788 
-1. 1394 
-1. 2039 
-1. 2729 
-1. 3470 
-1. 4271 
-1. 5606 
-1. 6873 
-1. 7719 
-1. 8971 
-2. 0024 
-2. 1628 
k^=2. 
040) 
CH'''3=0. 05moldm-3, 
Onoldm-3, ESDS3=NIL. 
SxlO^^s--1. ! 
Z'^i 
TABLE 029 EFFECT OF TEMPERATURE ON THE 
RATE COf-iSTANT IN THE ABSENCE OF SDS. 
Time<fnin) 
0 
5 
10 
15 
20 
25 
30 
35 
45 
60 
75 
90 
105 
120 
135 
150 
165 
5; 
R*=<A 
1EMP= 
CMn0^3 
525 
A 
obs 
0. 495 
0. 480 
0.460 
0.440 
0. 430 
0. 425 
0. 420 
0. 410 
0.390 
0. 355 
0.330 
0. 300 
0.270 
0. 250 
0.225 
0. 200 
0. 180 
1$ 4i0 
/A ) 
40* , CG3= 
inf. 
A 
525 
A 
cor 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
4950 
4700 
4500 
4300 
4100 
3900 
3750 
3600 
3300 
2800 
2500 
2200 
1900 
1700 
1450 
1200 
1050 
= (0. 020/0. 
X R* 
525 
In A 
cor 
-0. 7031 
-0. 7550 
-0. 7985 
-0. 8439 
-0. 8915 
-0. 9416 
-0. 9808 
-1. 0216 
-1. 1086 
-1. 2729 
-1.3862 
-1. 5141 
-1. 6607 
-1. 7719 
-1. 9310 
-2. 1202 
-2. 2537 
k^=l. 
040) 
0. 06molclm-3. CH'*']=0. 20moldm-3i 
=2xlO''*'moldm -3, u=0. 20fnoldm-3/ CSDS3=NIL. 
5xl0~^s-l. 1 
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TABLE G30 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
TimeCr.in 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
5 
R-*=(A 
JZ5 
flcOT 
T£np= 
CMnO^] 
525 
) A 
obs 
0. 495 
0. 445 
0. 395 
0.350 
0. 310 
0.280 
0. 245 
0.220 
0. 205 
0. 190 
0. ISO 
0. 170 
0. 160 
0. 150 
0. 130 
/A^ ) 
= A -
=40*, COD = 
inf. 
4.2.0 
A 
525 
A 
cor 
0. 4950 
0. 4350 
0. 3850 
0. 3400 
0. 3000 
0. 2650 
0. 2300 
0. 2000 
0. 1800 
0. 1600 
0. 1400 
0. 1250 
0. 1100 
0. 1000 
0. 0850 
= (0. 010/0. 
t R* 
0. 06moldm-3/ CH"* 
=2xi0''^moldm-
525 
In A 
cor 
-0. 7031 
-0. 8324 
-0. 9545 
-1. 0788 
-1. 2039 
-1.3280 
-1. 4696 
-1. 6094 
-1. 7147 
-1.8325 
-1. 9661 
-2. 0794 
-2. 2072 
-2. 3025 
-2. 4651 
b =4 
025 > 
3=0. 05moldm-3i 
-3, p=0. 20noldm-3, CSDS3=NIL. 
lxl0~*5--1. 5 
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OXIDATION OP GLUgAMIQ ACID IN THE PKESBNOB OF SDS 
Tables G6 to GIO : Effect of the Concentration of Glutamic acid 
on the Ohserved Rate Constants (k,,) 
The conditions were kept constant as described earlier in 
the absence of SDS, to see the effect of the concentration of 
glutamic acid under the conditions that [SDS] ])> cmc (0.01 moldm ) 
All the rate constants are the average of atleast two identical 
runs. 
Tables G15 to G18 : Effect of the [H"*"] on the Observed Rate 
Constants (k^) 
The conditions employed were similar as described for the 
absence of SDS to see the effect of the [H"^] under the conditions 
that [SDS] ^  cmc (0.01 moldm~-^). All the rate constants are the 
average of atleast two identical runs. 
Tables G51 to G42 : Effect of Temperature on the Observed Rate 
Constants (k,,) 
During the study of temperature effect the conditions 
employed were same as described in the absence of SDS. Under 
the conditions that the [SDS] ^  cmc (0.01 moldm"'^). Activation 
parameters are evaluated using linear least square technique. 
The results are computed by using FORTRAN VAX-11/780. All the 
rate constants are the average of atleast two identical runs. 
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Tables G43 to G46 : Effect of the [SDS] on the Observed Rate 
Constants (k,,) 
The concentrat ion of SDS i s var ied from 0.01 to 0.04 moldm" 
at a constant [MnOT] = 2x10 moldm~', [H"*"] = 0,10 moldm"^, ionj 
s t rength \i = 0.20 moldm"^, [G] = 0.10 moldm"^, and temperature = 
All the r a t e constants are the average of a t l e a s t two i d e n t i c a l 
runs . 
At the end of the Tables various f igures have been 
presented with appropriate capt ions. 
266 
TABLE C6 EFFECT OF THE CONCENTRATION OF 
GLUTAMIC ACID Chi THE RATE CONSTANT IN THE PRESENCE 
OF SDS. 
Time(nin 
0 
5 
10 
15 
20 
25 
20 
35 
AO 
45 
50 
55 
60 
65 
70 
75 
R*-=<A 
SZS 
Acor= 
Tt-H?= 
ciinor 
525 
) A 
obs 
0. 465 
0. 420 
0. 375 
0.330 
0. 305 
0. 280 
0. 260 
0.250 
0. 240 
0.220 
0. 205 
0. 195 
0. 190 
0. 180 
0. 170 
0. 160 
/A )inf. 
525 
A 
cor 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
R* 
30" , t03=0. lOmolc 
D=2xl0"*moiclf i-3i 
4650 
4100 
3600 
3100 
2750 
2500 
2100 
1900 
1700 
1500 
1300 
1200 
1100 
0900 
oeoo 
0700 
0. 040/0. 
lm-3, CH*2 
0=0. 20ao 
525 
In A 
cor 
-0. 
-0. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-2. 
-2. 
-2. 
-2. 
-2. 
-2. 
100' 
7657 
8915 
0216 
1711 
2909 
3862 
5606 
6607 
7719 
8971 
0402 
1202 
2072 
4079 
5257 
6592 
k^=4. 
» 
=0. 0,-noldm-3i 
1dm--3, CSDS3=0. 01 
IxlO^^s-l. 1 
tffloldm*^ 
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TABLE 015 EFFECT OF THE CH*^ 3 ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Timet min 
0 
5 
10 
15 
20 
25 
30 
35 
45 
60 
75 
90 
105 
120 
135 
£ 
R*-=<A" 
S'zS 
A cor 
1 EnP= 
CMnq^] 
525 
> A 
obs 
0. 475 
0. 460 
0. 430 
0. 410 
0. 390 
0. 380 
0.380 
0. 370 
0.345 
0. 310 
0.280 
0. 250 
0.220 
0. 200 
0. 180 
/f^ )inf. 
SiS 42-0 
= A - A 
=3Cr , CG3«^0 
=2xlO'**nio 
525 
A 
cor 
0. 4750 
0. 4450 
0. 4150 
0. 3900 
0. 3650 
0. 3400 
0. 3200 
0. 3000 
0. 2650 
0. 2200 
0. 1800 
0. 1450 
0. 1200 
0. 1000 
0. 0800 
= (0. 020/0. 
x R» 
525 
In A } 
cor ! 
-0. 7444 ! 
-0. 8096 ! 
-0. 8794 ! 
-0. 9416 ! 
-1.0078 ! 
-1.0788 S 
-1. 1394 ! 
-1.2039 ! 
-1.3280 1 
-1. 5141 ! 
-1.7147 ! 
-1.9310 I 
-2. 1202 } 
-2. 3025 5 
-2. 5257 I 
k_=2. IxlO-^-s-i. 1 
050) ! 
07moldm-3, CH"**3=0. 20moltlm-3, 1 
Idia--3, u=0. 20nc )ldm-3, CSDS3=0. Olmoldnj-3 
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TABLE G16 EFFECT OF THE CH"**] ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
525 
Time(nin) A 
obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
75 
90 
105 
R*-=< 
0. 465 
0. 440 
0. 405 
0.380 
0. 360 
0.350 
0. 340 
0.320 
0. 310 
0.300 
0. 290 
0.275 
0. 260 
0.230 
0. 200 
0. 180 
SZS 4-10 
ft /A )inf. 
TEriP=30*'> CG3 = 0. 
CMnO a=2>10 mo 
525 
A 
cor 
0. 4650 
0. 4300 
0. 3950 
0. 3650 
0. 3350 
0. 3100 
0. 2900 
0. 2650 
0. 2450 
0. 2250 
0. 2100 
0. 1950 
0. 1800 
0. 1400 
0. 1100 
0. 0850 
= (0. 020/0. 
525 ! 
In A { 
cor I 
-0. 7657 
-0. 8439 ! 
-0. 9288 ! 
-1.0078 ! 
-1.0936 ! 
-1. 1711 i 
-1.2378 ! 
-1.3280 ! 
-1. 4064 ! 
-1.4916 ! 
-1. 5606 ! 
-1.6347 1 
-1.7147 ! 
-1.9661 I 
-2. 2072 ! 
-2. 4651 
k =2. 6xl0"'*s-l. 1 
050) ! 
07moldm-3. CH'*'3=0. 15moldm-3, ! 
Idm--3, u=0. 20nc >ldm-3, CSDS3=0. Olmoldm"^ ! 
TABLE 017 : EFFECT OF THE CH*3 ON THE 
RATE CONSTANT Ui THE PRESENCE OF SDS. 
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Time(nin 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
75 
90 
R*-=<A'' 
1EMP= 
CMnO^] 
525 
> A 
obs 
0. 465 
0. 430 
0.390 
0. 360 
0.350 
0. 330 
0.310 
0. 295 
0.280 
0. 260 
0.245 
0. 240 
0.230 
0. 200 
0. 170 
/A )inf. 
- A X R-* 
=3Cf . CG3 = 0. 
=2»10'''*mo 
525 
A 
cor 
0. 4650 
0. 4200 
0. 3800 
0. 3400 
0. 3150 
0. 2800 
0. 2600 
0. 2300 
0. 2150 
0. 1900 
0. 1750 
0. 1550 
0. 1450 
0. 1100 
0. 0800 
= (0. 020/0. 
525 I 
In A ! 
cor 1 
-0. 7657 I 
-0. 8675 i 
-0. 9675 ! 
-1.0788 ! 
-1. 1551 { 
-1.2729 ! 
-1.3470 ! 
-1.4696 i 
-1.5371 
-1.6607 ! 
-1.7429 i 
-1.8643 i 
-1.9310 J 
-2. 2072 1 
-2. 5257 
lc-=3. 3xl0"'*s-l. 1 
050) 1 
07moldm-3, CH^^sO. lOmoldm-3, ! 
Idm--3, ju=0. 20noldm-3/ CSDS3=0. Olnoldm-'S , ', 
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TA3LE 018 EFFECT OF THE CH*D ON THE 
RATE COMSTANT IN THE PESENCE OF SDS. 
•ime<nin) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
S 
R*-=<A 
•rEMP= 
CHnOT] 4 
525 
A 
obs 
0.470 
0. 420 
0.365 
0. 320 
0.280 
0. 240 
0.220 
0. 190 
0. 180 
0. 175 
0. 155 
0. 145 
0. 135 
/A )inf. 
- A » R-* 
30* > CG3=0. 
=2xlO~*mo 
525 
A 
cor 
0. 4700 
0. 4100 
0. 3550 
0. 3100 
0. 2700 
0. 2300 
0. 2000 
0. 1700 
0. 1500 
0. 1350 
0. 1150 
0. 1000 
0. 0850 
= (0. 010/0. 
07moldm-3» 
Idm-
525 
In A 
cor 
-0. 7550 
-0. 8915 
-1. 0356 
-1. 1711 
-1. 3093 
-1. 4696 
-1.6094 
-1. 7719 
-1. 8971 
-2. 0024 
-2. 1628 
-2. 3025 
-2. 4651 
025) 
CH'*'3=0. 05moldm 
-3»u=0.20noldm-3i CSDS3 
k-=4. 6xlO'"4s-l. 1 
-f. — , 
-3, ! 
=0. 01*noldm"3. ! 
275 
TABLE G31 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(nin 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
90 
i 
TErlP= 
CMnOr] 4-
525 
) A 
obs 
0. 460 
0. 410 
0. 380 
0.350 
0. 330 
0.300 
0. 290 
0.280 
0. 270 
0.250 
0. 240 
0.220 
0. 210 
0. 195 
0. 190 
0. 180 
0. 160 
lis 4-^0 
/A > 
= A -
=30* , CG3 = 
inf. 
A 
525 
A 
cor 
0. 4600 
0. 4050 
0. 3750 
0. 3400 
0. 3100 
0. 2750 
0. 2500 
0. 2300 
0. 2100 
0. 1900 
0. 1700 
0. 1500 
0. 1350 
0. 1200 
0. 1100 
0. 1000 
0. 0750 
= (0. 010/0. 
X R* 
525 I 
In A ! 
cor I 
-0. 7765 I 
-0. 9038 i 
-0. 9808 ! 
-1.0788 1 
-1. 1711 ! 
-1.2909 i 
-1.3862 I 
-1.4696 } 
-1. 5606 ! 
-1.6607 ! 
-1.7719 ! 
-1.8971 J 
-2. 0024 ! 
-2. 1202 ! 
-2. 2072 ! 
-2. 3025 1 
-2. 5902 5 
k,=3. 3xlO""4«5-l. 1 
_z • ^ _ , 
040) 1 
0. lOmoldm-3, CH+3^0. 20moldfn-3, 1 
=2xl0"^molclni -3. p=0. 20noldm-3, CSDS3=0. Olmoldm-^- 1 
TABLE 032 EFFECT OF TEMPERATURE ON THE 
RATE CONiSTANT IN THE PRESENCE OF SDS. 
525 525 
Time<nin> A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
0.475 
0. 400 
0.340 
0.285 
0 240 
0. 200 
0. 170 
0. 145 
0. 120 
0. 100 
0. 090 
-0. 7444 
-0. 9162 
-1. 0788 
-1.2552 
-1. 4271 
-1. 6094 
-1. 7719 
-1. 9310 
-2. 1202 
-2. 3025 
-2. 4079 
k^=5. 6x10 i"^ s-l. I 
-7-
TEnP=3cf , CG3=0. lOmoldm-3. CH'^ 3=0. 05moldm-3, 
CI1nq5;3=2xlO*'+mDldn-3. jj=0. 20noldm-3, CSDS3=0. Oltaoldm- 3 
276 
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TABLE G33 : EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(nin> 525 
obs 
525 
cor 
In A 
525 
cor 
0 
5 
10 
15 
20 
25 
30 
35 
AO 
45 
50 
55 
60 
R-*={A 
.szs 
TEiiP= 
CMnor: 
0. 445 
0. 400 
0. 350 
0.320 
0. 305 
0.290 
0. 270 
0.250 
0. 240 
0.220 
0. 210 
0. 190 
0. 180 
'ZS 4-^0 
/A ) 
= A -
'35* . CG3 = 
inf. 
0. 4450 
0. 3900 
0. 3400 
0. 3000 
0. 2600 
0. 2300 
0. 2000 
0. 1800 
0. 1600 
0. 1350 
0. 1200 
0. 1050 
0. 0900 
= (0. 010/0. 
< R# 
-0. 8096 
-0. 9416 
-1. 0788 
-1. 2039 
-1. 3470 
-1. 4696 
-1. 6094 
-1. 7147 
-1. 8325 
-2. 0024 
-2. 1202 
-2. 2537 
-2. 4079 
025) 
0. lOnioldm-3, EH^a^O. 20moldni 
=2xl0**^moldm--3, |j=0. 20noldm-3, CSDS3 
i<2=4. 3x10^^5-1. 1 
-3, 
=0. 01 mo 1dm-^ 1 
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TABLE G34 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
525 525 
TimeCnin) A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
AO 
0. 460 
0.375 
0. 305 
0.250 
0. 200 
0. 165 
0. 135 
0. 110 
0.090 
-0. 7765 
-0. 9808 
-1. 1874 
-1. 3862 
-1. 6094 
-1. 8018 
-2. 0024 
-2. 2072 
-2. 4079 
k_=6. B x l C r 4 - l . 
-yi. 
f*",^r TEnP=35' / CG30. lOjnoldm-3, CH'^3=0. 05ffloldm-3, 
CiinDr3=2xlO'**moldm-3. fJ=0. 20noldm-3, CSDSD^O. 01moldii»"*3 
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TABLE G35 : EFFECT OF TEHPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time<tain) 
0 
5 
io 
15 
20 
25 
30 
35 
40 
45 
5 
R-*=(A 
525 
A 
obs 
0. 455 
0. 390 
0.340 
0. 315 
0.280 
0. 2i0 
0.230 
0. 210 
0. 195 
0. 180 
Iff 4-2.0 
/A > 
TEMPMO" , CG3 = 
CNn0^3 = 
inf. 
A 
525 
A 
cor 
0. 4550 
0. 3800 
0. 3150 
0. 2600 
0. 2150 
0. 1800 
0. 1500 
0. 1250 
0. 1050 
0. 0850 
= (0. 010/0. 
X R * 
0. lOinoldm-3. 
2i{10"*moldm -3,jU=0. 2 
525 
In A 
cor 
-0. 7874 
-0. 9675 
-1. 1551 
-1. 3470 
-1. 5371 
-1. 7147 
-1. 8971 
-2. 0794 
-2. 2537 
-2. 4651 
025) 
CH*3=0. 20moldm 
Omoldm-S,CSDS3 
k«=6. Ixl0"^~l. i 
-3, i 
=0. 01moldm-2S. • 
TABLE 036 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
525 525 
Time(nin) A In A 
obs obs 
0 
5 
10 
15 
20 
25 
30 
35 
0. 470 
0.360 
0.270 
0.210 
0. 160 
0. 120 
0.090 
0. 070 
-0. 7550 
-1. 0216 
-1. 3093 
-1. 5606 
-1. 8325 
-2. 1202 
-2. 4079 
-2. 6592 
280 
1*2=9. OxlO"\-l. 
TEnP=40* / CG3=0. lOmoldm-3/ CH'''3=0. 05moldm-3, 
CMn<r3=2xlCr4moldm-3,^=0. 20.-noldm-3, CSDSD=0. 01<noldm-*3. 
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TABLE G37 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(nin 
0 
5 
10 
15 
20 
25 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
iEr}p= 
cjinqj": 
525 
> A 
obs 
0. 480 
0. 460 
0. 440 
0. 420 
0. 410 
0.400 
0. 400 
0.380 
0. 350 
0.310 
0. 290 
0.265 
0. 230 
0.215 
0. 200 
0. 180 
7Z5' 4.10 
/A ) 
Szs-
= A ~ 
=30* , CG3 = 
inf. 
A 
525 
A 
cor 
0. 4800 
0. 4550 
0. 4350 
0. 4100 
0. 3900 
0. 3700 
0. 3500 
0. 3000 
0. 2600 
0. 2200 
0. 1900 
0. 1650 
0. 1300 
0. 1150 
0. 1000 
0. 0800 
= (0. 010/0. 
X R* 
525 
In A ! 
cor ! 
-0. 7339 ! 
-0. 7874 ! 
-0. 8324 ! 
-0.8915 ! 
-0. 9416 i 
-0. 9942 i 
-1.0498 i 
-1.2039 ! 
-1. 3470 ! 
-1. 5141 i 
-1.6607 i 
-1.8018 ! 
-2. 0402 ! 
-2. 1628 
-2. 3025 1 
-2. 5257 ! 
k-=l. 6xl0''l-l. j 
025) ! 
0. 06(5)0Idm-3, CH'*'3=0. 20moldn»-3, ! 
I=2xl0"^moldm -3,^=0. 20faoldm-3, CSDS]=0. 01moldm~-3. i 
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TABLE 033 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time<nin) 
525 
obs 
A 
525 
cor 
In A 
525 
cor 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
75 
0. 500 
0. 460 
0.410 
0. 360 
0.330 
0. 300 
0.280 
0.250 
0.240 
0. 230 
0.210 
0. 190 
0. 180 
0. 170 
0. 160 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
5000 
4450 
3950 
3500 
3150 
2800 
2500 
2200 
2000 
1800 
1600 
1400 
1250 
1100 
0900 
-0. 6931 
-0. 8096 
-0. 9288 
-1. 0498 
-1. 1551 
-1. 2729 
-1.3862 
-1. 5141 
-1.6094 
-1. 7147 
-1. 8325 
-1. 9661 
-2. 0794 
-2. 2072 
-2. 4079 
SIS 4-^ 0 
R*.= <A /A )inf. 
526" StS 4W „ 
k =3. 8xl0"^-l. 
-t-
(0. 010/0. 025) 
lEMP=3Cr , CG3=0. 06moldm-3, CH"''3=0. 05moldm-3, 
Cf'1nq^3=2xlO"'^moIdm-3,p=0. 20noldns-3, CSDS3=0. Olffloldm'*-
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TABLE 039 EFFECT OF TEHPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(,'7>in 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
75 
90 
Rtr<A S2.5 
TEMP' 
CflnOj 
525 
> A 
obs 
0. 460 
0. 420 
0.385 
0. 370 
0.360 
0. 350 
0.320 
0. 310 
0.295 
0. 280 
0.265 
0. 255 
0. 240 
0. 200 
0. 180 
2^5- 420 
/A ) 
= A — 
=35*, I:G3= 
inf. 
525 
A 
cor 
0. 4600 
0. 4150 
0. 3750 
0. 3400 
0. 3100 
0. 2800 
0. 2500 
0. 2300 
0. 2100 
0. 1900 
0. 1700 
0. 1500 
0. 1400 
0. 1050 
0. 0800 
= (0. 010/0. 
X R# 
0. 06fnoldm-3, CH" 
]=2»10~4moldm-
525 { 
In A ! 
cor ! 
-0. 7765 ! 
-0. 8794 ! 
-0. 9808 I 
-1. 0788 ! 
-1. 1711 
-1. 2729 { 
-1.3862 ! 
-1.4696 ! 
-1.5606 ! 
-1.6607 1 
-1.7719 i 
-1.8971 ! 
-1.9661 i 
-2. 2537 ! 
-2. 5257 I 
k =3. 3x10*^1-1. i 
025) 1 
*3=0. 20moldm-3. ! 
-3»ju=0. 20{noldm-3» CSDS3=0. Olmoldnj-5, i 
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TABLE 040 EFFECT OF TEJ1PERATEURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(nin) 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
525 
A 
obs 
0. 485 
0. 430 
0.370 
0. 330 
0.290 
0. 270 
0.250 
0. 230 
0.210 
0. 190 
0. 180 
0. 165 
0. 155 
525 
A 
cor 
0. 4850 
0. 4200 
0. 3650 
0. 3150 
0. 2750 
0. 2400 
0. 2100 
0. 1800 
0. 1600 
0. 1350 
0. 1200 
0. 1050 
0. 0900 
525 
In A 
cor 
-0. 7236 
-0. 8675 
-1. 0078 
-1. 1551 
-1. 2909 
-1. 4271 
-1. 5606 
-1. 7147 
-1. 8325 
-2. 0024 
-2. 1202 
-2. 2537 
-2. 4079 
k^=4. 6xl0'^-l. 
Sz$ 43.0 
R*-=<A /A )inf (0.010/0. 025) 
•rEMP=35'', CG3=0. 06moldm-3, ZH*1=0. 05moldm-3, 
Cf'1n0^ 3=2xlO"4-mold<a-3,/j=0. 20moldm-3, CSDS]=0. Olmoldm-3 
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TABLE 041 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time<oin3 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
t 
R*=(^' 
ST. 5 
TEMP= 
CMnO^] 
525 
A 
obs 
0. 475 
0. 440 
0.430 
0. 415 
0. 390 
0. 365 
0.350 
0. 330 
0.305 
0. 280 
0.260 
0. 250 
0.240 
0. 220 
0.210 
0. 200 
>25 4.ao 
/A ) 
525 
= A — 
=40* . CG3 = 
inf. 
A 
525 
A 
cor 
0. 4750 
0. 4250 
0. 3850 
0. 3450 
0. 3100 
0. 2800 
0. 2550 
0. 2300 
0. 2050 
0. 1800 
0. 1600 
0. 1450 
0. 1300 
0. 1150 
0. 1050 
0. 0950 
= (0. 010/0. 
X R* 
0. 06050 ldm-3/ 
=2xlO"*'*nioldm -3,|J=0. 2 
525 J 
In A ! 
cor 1 
-0. 7444 ! 
-0. 8556 ! 
-0. 9545 S 
-1. 0642 5 
-1. 1711 
-1.2729 ! 
-1.3664 i 
-1. 4696 ! 
-1.5847 I 
-1.7147 ! 
-1.8325 
-1. 9310 
-2. 0402 ! 
-2. 1628 ! 
-2. 2537 I 
-2. 3538 i 
k2^=3. 5xl0"C-l. j 
025) ! 
CH*3=0. 20moldm-3. 
Onoldm-3, CSDS3=0. Olmoldm^S. i 
28 
TABLE C42 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time (rain) 
525 
obs 
525 
cor 
In A 
525 
cor 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
0. 480 
0. 410 
0. 340 
0.300 
0. 260 
0.240 
0. 215 
0.200 
0. 180 
0. 170 
0. 4800 
0. 4000 
0. 3300 
0. 2750 
0. 2250 
0. 1900 
0. 1550 
0. 1300 
0. 1100 
0. 0900 
-0. 7339 
-0. 9162 
-1. 1086 
-1. 2909 
-1. 4916 
-1. 6607 
-1. 8643 
-2. 0402 
-2. 2072 
-2. 4079 
k-«6. ixIQ-i-l, 
R<.= <A /A )inf. ='(0.010/0.025) 
Sis $xs 4Z0 „ 
A ten- = (\ - A X R* 
1EMP=40*' , EG3=0. 06moldm-3, EH'*'3=0. 05moldm-3, 
CMn04]2xlO**'*moldm-3, u=0. 20moldm-3, CSDS:=0. Olfnoldm-3 . 
28? 
TABLE 043 EFFECT OF CSDS3 ON THE 
RATE CONSTANT. 
Timetnin 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
5 
R*=(A 
T£np= 
525 
) A 
obs 
0. 465 
0. 420 
0.375 
0. 330 
0.305 
0.280 
0.260 
0. 220 
0.240 
0. 220 
0.205 
0. 195 
0. 190 
0. 180 
'IS 4-20 
/A ) 
525" 
= A 
=30' , C03 = 
inf. 
.4.^ 0 
A 
525 
A 
cor 
0. 4650 
0. 4100 
0. 3600 
0. 3100 
0. 2750 
0. 2500 
0. 2100 
0. 1900 
0. 1700 
0. 1500 
0. 1300 
0. 1200 
0. 1100 
0. 0900 
= (0. 010/0. 
X R* 
0. lOmoldm-3/ CH* 
CMnO^ 3=2 < 10*"'''mol dm-3i p=0. 20rr»c 
525 5 
In A 1 
cor 1 
-0. 7657 J 
-0. 8915 S 
-1.0216 i 
-1. 1711 ! 
-1.2909 
-1.3862 
-1.5606 5 
-1.6607 ! 
-1.7719 ! 
-1.8971 ! 
-2. 0402 ! 
-2. 1202 
-2. 2072 I 
-2. 4079 ! 
k_=4. 1x10^*5-1. j 
025) ! 
3=0. lOmoldm-3/ 5 
ldm-3* CSDS3=0. Ol/noldm-3. 1 
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TABLE 044 EFFECT OF CSDS3 ON THE 
RATE CONSTANT. 
Time<njin 
0 
5 
10 
15 
2 0 
2 5 
3 0 
35 
TEt1P= 
525 ) A 
obs 
0. 460 
0. 370 
0 . 2 9 0 
0. 230 
0 .200 
0. 170 
0. 150 
0. 140 
^5* 4^^ 
/A ) 
= A — 
=3(^ , C03 = 
inf. 
4.20 
A 
525 
A 
cor 
0. 4600 
0. 3600 
0. 2800 
0. 2200 
0. 1700 
0. 1350 
0. 1000 
0. 0800 
= (0. 010 /0 . 
X R * 
0. 10a»oldm-3/ 
C MnO^ 3=2 < 10"^(7»o 1 d n»-
CH' 
525 
In A 
cor 
- 0 . 7765 
- 1 . 0216 
- 1 . 2729 
- 1 . 5141 
- 1 . 7719 
- 2 . 0024 
- 2 . 3025 
- 2 . 5257 
025) 
k_=8. S x l O ' ^ - l . 1 
'"3=0. 10moldm-3i i 
-3. p=0. 20noldm-3. CSDS] =0. 02nioldm-S ! 
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TABLE G45 
RATE CONSTANT. 
EFFECT OF CSDS3 ON THE 
TimeCtnin) 525 
obs 
525 
cor 
In A 
525 
cor 
0 
5 
10 
15 
20 
25 
20 
35 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
430 
300 
215 
160 
125 
105 
090 
080 
0. 4300 
0. 2950 
0. 2050 
0. 1400 
0. 0950 
0. 0650 
0. 0450 
0. 0300 
-0. 8439 
-1.2207 
-1. 5847 
-1. 9661 
-2. 3538 
-2. 7333 
-3. 1010 
-3. 5065 
k- = 1.2xl0'''^ -
S!2S 4^ *^  
R*.= (A /A )inf. =(0.010/0.025) 
A cor = A - A X R* 
TEMP=30* , CG3=0. lOmoldm-3, CH+3^0. lOmoldm-3. 
CHnO^] =2x10"*'''mo Id.11-31^ 11=0. 20noldm-3/ CSDS]=0. 03moldm-3-
290 
TABLE 046 : 
RATE CONSTANT. 
EFFECT OF CSDS3 ON THE 
•ime<nin 
0 
2 
5 
7 
10 
12 
15 
17 
20 
P2 
25 
R*-=<A*" 
5*25 
1 EMP= 
CMnqf. 
525 
> A 
obs 
0. 410 
0. 330 
0.255 
0. 205 
0. 160 
0. 125 
0. 100 
0. 090 
0.080 
0. 070 
0.065 
/pr ) 
= A -
=3Cf , Ce3 = 
inf. 
A * " 
525 
A 
cor 
0. 4100 
0. 3200 
0. 2450 
0. 1950 
0. 1500 
0. 1150 
0. 0900 
0. 0700 
0. 0550 
0. 0400 
0. 0300 
= (0. 010/0. 
!C R * 
0. 10rr.oldm-3» 
3=2xl0'^{noldm--3. ^ =0. 2 
CH 
525 
In A 
cor 
-0. 8915 
-1. 1394 
-1. 4064 
-1. 6347 
-1. 8971 
-2. 1628 
-2. 4079 
-2. 6592 
-2. 9004 
-3. 2188 
-3. 5065 
025) 
, 1 
^=1.6xl0''f-l. j 
*"3=0. 10moldm-3> i 
Onoldm-3, CSDS] = 0. 04moldm~3. ! 
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OXIDATION OF SERINE lU THE ABSENCE OF SDS 
Tables SI to S5 : Effect of the Concentration of Serine on the 
Observed Rate Constant (k„) 
The concentrat ion of serine was varied from 0.03-0.10 moldm 
at a fixed [MnO ]^ = 2x10"'* moldm"^ and [H"*"] = 0.10 moldm"-^, 
-3 o 
|i = 0.20 moldm ^ and the temperature = 50 . The r a t e constants 
increases as [s ] i s increased. All the r a t e constants are the 
average of a t l e a s t two i d e n t i c a l mins. 
Tables S l l to S14 ; Effect of the [H"*"] on the Observed Rate 
Constants (k,,) 
The concentration of hydrogen ion i s varied with perchlor ic 
-3 
acid in the range of 0.05 to 0.20 moldm a t f ixed \i = 0.20 moldm 
[S] = 0.04 moldm"', [MnOT] = 2x10"'* moldm"-^  and temperature =30°. 
All the r a t e constants are the average of a t l e a s t two i d e n t i c a l 
runs . 
Tables S19 to S26 : Effect of Temperature on the Observed Rate 
Constant (k^) 
The temperature effect i s studied in the range of 30° to 45° 
at d i f ferent concentrat ions of se r ine (0.03 and 0.05 moldm ) at 
fixed [H"^ ] = 0.20 moldm"^, [MnO"] = 2x10"^ moldm"^ and n = 0.20 
moldm . Activat ion parameters are evaluated using l i n e a r l e a s t 
square technique. The r e s u l t s are computed by using FORTRAN 
VAX-11/780. All the r a t e constants are the average of a t l e a s t 
two i d e n t i c a l runs . At the end of the Tables var ious f igures have 
been presented with appropriate capt ions . 
298 
TABLE SI EFFECT OF THE C0NCEr4TRATI0N OF 
SERINE ON THE RATE CONSTANT IN THE ABSENCE OF 
SDS. 
525 
Timetmin) 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
195 
210 
??5 
A 
obs 
0. 480 
0. 440 
0.395 
0. 370 
0. 340 
0. 315 
0.290 
0.270 
0.250 
0. 225 
0.200 
0. 180 
0. 155 
0. 140 
0. 120 
0. 105 
525 
cor 
In A 
525 
cor 
0. 4800 
0. 4300 
0. 3850 
0. 3400 
0. 3100 
0. 2750 
0. 2500 
0. 2200 
0. 2000 
0. 1750 
0. 1600 
0. 1400 
0. 1200 
0. 1100 
0. 1000 
0. 0900 
-0. 7339 
-0. 8429 
-0. 9545 
-1. 0788 
-1. 1711 
-1. 2909 
-1. 3862 
-1. 5141 
-1. 6094 
-1. 7429 
-1. 8325 
-1. 9661 
-2. 1202 
-2. 2072 
-2. 3025 
-2. 4079 
6^^ 4-10 
R:*=<A /A )inf. 
S2$ ^i5" 42.0 
A cor = A - A X R« 
l(- = l. k'xlo-45-1. 
(0. 010/0. 050) 
T£iiP=30* , CS3=0. 08.T>oldm-3/ CH^^sO. i0moldm-3» 
CMn073=2<lo*4{noldD-3» /J=o. 2onoldm-3. CSDS3=NIL. 
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TABLE S2 EFFECT OF THE CONCENTRATION OF 
SERINE ON THE RATE CONSTANT IN THE ABSENCE OF 
BDS. 
Time(nin) 
0 
15 
30 
45 
60 
75 
90 
105 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
525 
A 
obs 
0. 490 
0. 470 
0. 450 
0. 435 
0. 415 
0.395 
0. 380 
0.370 
0. 360 
0.325 
0. 290 
0.260 
0. 230 
0. 190 
0. 170 
0. 150 
0. 120 
0. 100 
525 
A 
cor 
0. 4900 
0. 4600 
0. 4300 
0. 4050 
0. 3800 
0. 3550 
0. 3300 
0. 3150 
0. 3000 
0. 2600 
0. 2200 
0. 1950 
0. 1700 
0. 1400 
0. 1300 
0. 1200 
0. 1000 
0. 0900 
525 
In A 
cor 
-0. 7133 
-0. 7765 
-0. 8439 
-0. 9038 
-0. 9675 
-1. 0498 
-1. 1086 
-1. 1551 
-1. 2039 
-1.3470 
-1. 5141 
-1. 6347 
-1. 7719 
-1. 9661 
-2. 0402 
-2. 1202 
-2. 3025 
-2. 4079 
k-=7. OxIo-^-1. 
SzS 4.10 
R«.= <A /A )inf. 
S2f $ZS 4-iO 
A cor = A - A X R* 
(0.010/0.040) 
1EMP=30* , CS3=0. 05moldm-3* CH'''3=0. lOmoldm-3, 
Cf1nOr3=2!tlo-'*(noldr>-3,jiJ=o. 2oQoldn>-3, CSDS3=NIL. 
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TABLE S3 : EFhECT OF THE CDMCENTRATION OF 
SERINE ON THE RATE C0NSTAr4T IN THE ABSENCE OF 
SDS. 
imeCpin) 
0 
15 
30 
45 
60 
75 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
525 
A 
ofos 
0. 495 
0.480 
0. 460 
0. 450 
0. 440 
0. 420 
0. 400 
0.380 
0. 355 
0. 330 
0. 305 
0.260 
0. 240 
0.220 
0. 200 
0. 170 
0. 150 
0. 130 
0. 110 
525 
A 
cor 
0. 4950 
0. 4700 
0. 4400 
0. 4200 
0. 4000 
0. 3800 
0. 3500 
0. 3200 
0. 2850 
0. 2500 
0. 2250 
0. 1900 
0. 1750 
0. 1600 
0. 1500 
0. 1250 
0. 1100 
0. 1050 
0. 0950 
525 
In A 
cor 
-0. 7031 
-0. 7550 
-0. 0209 
-0. 8675 
-0. 9162 
-0. 9675 
-1. 0498 
-1. 1394 
-1. 2552 
-1. 3862 
-1. 4916 
-1. 6607 
-1. 7429 
-1. 8325 
-1. 8971 
-2. 0794 
-2. 2072 
-2. 2537 
-2. 3538 
k2=6. Oxlo-^-1. 
5*2 5* 4"^^ R^=(A /A ) in f . = ( 0 . 0 3 0 / 0 . 1 0 0 ) 
SIS' $2S 43iO 
A cor = A - A X R« 
TEnP=30'° . CS3=0. 04moldm-3. CH'*']=0. lOmoldm-3. 
CMnO/r3=2<lo-4moldfr.-3. u=o. 2o/noldm-3i CSDS3=NIL. 
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TABLE S4 EFFECT OF THE CONCENTRATION OF 
SERINE CN THE RATE CONSTATJT IN THE ABSENCE OF 
SDS. 
Time(fnin) 
0 
30 
60 
90 
120 
150 
ISO 
210 
240 
270 
300 
330 
360 
390 
420 
450 
460 
525 
A 
obs 
0. 510 
0. 500 
0.480 
0.465 
0. 450 
0. 430 
0. 410 
0. 400 
0. 370 
0. 330 
0. 310 
0.280 
0. 260 
0.240 
0. 210 
0. 190 
0. 180 
525 
A 
cor 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
5100 
4700 
4300 
4000 
3700 
3400 
3100 
2900 
2600 
2300 
2150 
1900 
1750 
1600 
1400 
1300 
1250 
525 
In A 
cor 
-0. 6733 
-0. 7550 
-0. 8439 
-0. 9162 
-0. 9942 
-1. 0788 
-1. 1711 
-1. 2378 
-1. 3470 
-1. 4696 
-1. 5371 
-1. 6607 
-1. 7429 
-1. 8325 
-1. 9661 
-2. 0402 
-2. 0794 
k-=4. 5xlo-^s-l. 
S2^ 42.0 
R.*={A /A >inf. =(0.040/0.100) 
SIS S2S AZO ^ 
A cor = A - A X R« 
At TE5'iP=30*' , CS3=0. 03moldm-3, CH"*'3=0. lOmoIdm-3, 
CMnqr3=2xlo-"^moldni-3,^=o. 2onoldm-3, CSDS3=NIL. 
dH'i 
TABLE S5 EFFECT OF THE C0r4CENTRATI0N OF 
SERINE ON THE RATE C0NSTAr4r IN THE ABSENCE OF 
SDS. 
Timednin 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
480 
510 
540 
R*-=<A' 
SIS 
A COT 
TEMP 
CMnO 
525 
) A 
obs 
0. 510 
0. 510 
0. 505 
0. 495 
0. 490 
0. 480 
0. 465 
0. 460 
0. 450 
0. 440 
0. 430 
0. 415 
0.395 
0. 370 
0.350 
0. 325 
0.300 
0.275 
0.255 
/A / 
515 
= A -
=30* , CS3= 
inf. 
A*" 
0. 02 
3=2xlo moldm 
525 
A 
cor 
0. 5100 
0. 4800 
0. 4500 
0. 4250 
0. 4000 
0. 3750 
0. 3500 
0. 3300 
0. 3100 
0. 2900 
0. 2750 
0. 2550 
0. 2400 
0. 2200 
0. 2000 
0. 1900 
0. 1750 
0. 1600 
0. 1500 
= (0. 
X R * 
(noldni~3> 
525 
In A 
cor 
-0. 6733 
-0. 7339 
-0. 7985 
-0. 8556 
-0. 9162 
-0. 9808 
-1. 0498 
-1. 1086 
-1. 1711 
-1. 2378 
-1. 2909 
-1. 3664 
-1. 4271 
-1. 5141 
-1. 6094 
-1. 6607 
-1. 7429 
-1. 8325 
-1. 8971 
^^^^=3. ix 
020/0. 050) 
CH'*"3=0. lOmoldm-3, 
-3, u=o. 2onc tldm-3,CSDS3=NIL. 
lo-^-l. 1 
TA8LE Sll EFFtCT OF THE CH"*"] ON THE 
RATE CONSTANT IN THE ABSENCE Or SDS. 
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Time<mir» 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
480 
5 
R*-=<A 
A cor 
1EriP= 
CMnOri 
525 
) A 
obs 
0. 480 
0. 465 
0.430 
0.400 
0.370 
0.340 
0.310 
0.290 
0.270 
0. 250 
0.230 
0.205 
0. 190 
0. 170 
0. 160 
0. 150 
0. 135 
/A^ ) 
a A 
30* , CS3=^ 
inf. 
A 
525 
A 
COT 
0. 4800 
0. 4450 
0. 4100 
0. 3700 
0. 3400 
0. 3100 
0. 2800 
0. 2600 
0. 2400 
0. 2200 
0. 2000 
0. 1800 
0. 1650 
0. 1500 
0. 1400 
0. 1300 
0. 1200 
= (0. 015/0. 
X R* 
0. 04njoldm-3i 
=2xIo-4'moldffl-
[H* 
525 
In A 
cor 
-0. 7339 
-O. 8096 
~0. 8915 
-0. 9942 
-1. 0788 
-1. 1711 
-1. 2729 
-1. 3470 
-1. 4271 
-1. 5141 
-1. 6094 
-1. 7147 
-1. 8018 
-1. 8971 
-1. 9661 
-2. 0402 
-2. 1202 
^=4. 
075) 
3=0. 20moldm-3/ 
-3,|U=o. 2onoldm-3, CSDS3=NIL. 
Sxlo-^'s-l. 1 
TABLE SI2 : EFFECT OF THE CH"*"] ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
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TimeCnin 
0 
30 
60 
90 
120 
150 
ISO 
210 
240 
270 
300 
330 
360 
390 
420 
450 
460 
525 
) A 
obs 
0. 490 
0.460 
0. 425 
0.395 
0. 360 
0.335 
0. 310 
0. 285 • 
0. 260 
0.240 
0. 215 
0. 190 
0. 170 
0. 150 
0. 140 
0. 125 
0. 115 
SIS SZS 420 
A cor = A - A 
TEHP= 
CMnO^: 
»30* CS3=0 
l=2xlo-4m( 
525 
A 
cor 
0. 4900 
0. 4450 
0. 4000 
0. 3650 
0. 3300 
0. 3000 
0. 2700 
0. 2450 
0. 2200 
0. 2000 
0. 1800 
0. 1600 
0. 1400 
0. 1300 
0. 1200 
0. 1100 
0. 1000 
= (0. 015/0 
X R«. 
04moldm~3, CH'*'3 
3ldn) ~3, p=o. 2ono 
525 
In A 
cor 
-0. 7133 
-0. 8096 
-0. 9162 
-1. 0078 
-1. 1086 
-1. 2039 
-1. 3093 
-1. 4064 
-1. 5141 
-1.6094 
-1. 7147 
-1. 8325 
-1. 9661 
-2. 0402 
-2. 1202 
-2. 2072 
-2. 3025 
k =5. 
. 075) 
=0. 15moldm-3. 
ldfl»-3, CSDS3=NIL. 
axlo-^'s-l. ! 
TABLE S13 : EFFECT OF CH"*"] ON THE 
RATE CONSTANT IN THE ABSENCE Or SDS. 
305 
"ame<Din 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
R*-=<A" 
szs 
A cor 
•7EMP= 
CHnOj: 
525 
) A 
obs 
0. 495 
0. 460 
0.440 
0. 400 
0.380 
0. 355 
0.330 
0. 305 
0.260 
0. 240 
0.220 
0. 200 
0. 170 
0. 150 
0. 130 
>25 4>20 
/A ) 
= A — 
=3cf , CS3 = 
inf. 
A * " 
525 
A 
COT 
0. 4950 
0. 4400 
0. 4000 
0. 3500 
0. 3200 
0. 2850 
0. 2500 
0. 2250 
0. 1900 
0. 1750 
0. 1600 
0. 1500 
0. 1250 
0. 1100 
0. 1050 
= (0. 030/0 
K R* 
0. 04moldm-3, CH* 
l=2xlo-4moldn--3. iu=o. 2oDo 
525 
In A 
cor 
-0. 7031 
-0. 8209 
-0. 9162 
-1.0498 
-1. 1394 
-1. 2552 
-1.3862 
-1. 4916 
-1. 6607 
-1. 7429 
-1. 8325 
-1.8971 
-2. 0794 
-2. 2072 
-2. 2537 
k^=6. 
100) 
3=0. 10moldm-3» 
ldm-3,CSDS3=NIL. 
Oxlo-5^-1. 1 
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TABLE SI4 EFFECT OF CH''"] ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time(nin> 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
5i 
R^=iA 
SZS 
Ac or = 
525 
A 
obs 
0. 480 
0. 435 
0. 400 
0.360 
0. 340 
0.300 
0. 260 
0.230 
0. 210 
0. 180 
0. 160 
0. 135 
0. 120 
0. 105 
0. 090 
IS MO 
/A )inf. 
TEnP=30* , CS3=0. 
CMnq^3= =2xlo-4> mo 
525 
A 
cor 
0. 4800 
0. 4200 
0. 3700 
0. 3200 
0. 2850 
0. 2400 
0. 2050 
0. 1800 
0. 1600 
0. 1400 
0. 1200 
0. 1000 
0. 0900 
0. 0800 
0. 0700 
= (0. 01 
R* 
04ffloldm-3/ 
Idj a-3> |J=o. 
525 ! 
In A { 
cor } 
-0. 7339 5 
-0. 8675 i 
-0. 9942 J 
-1. 1394 ! 
-1.2552 I 
-1.4271 ! 
-1. 5847 5 
-1.7147 { 
-1. 8325 5 
-1.9661 i 
-2. 1202 ! 
-2. 3025 1 
-2. 4079 ! 
-2. 5257 5 
-2. 6592 ! 
k2=7. tJxlo-6' s-1 I 
5/0. 050) ! 
CH"^ 3=0. 05moldm-3, ! 
2omold»n-3, CSDS3=NIL. ! 
TABLE SI9 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
307 
Time(r»in) 
525 
\ 
obs 
525 
cor 
In A 
525 
cor 
0 
30 
60 
90 
120 
150 
ISO 
210 
2A0 
270 
300 
330 
360 
390 
0.475 
0. 440 
0. 400 
0.365 
0. 330 
0.290 
0. 265 
0.245 
0. 220 
0.200 
0. 180 
0. 155 
0. 130 
0. 120 
0. 4750 
0. 4250 
0. 3850 
0. 3400 
0. 3000 
0. 2600 
0. 2300 
0. 2100 
0. 1900 
0. 1700 
0. 1500 
0. 1300 
0. 1100 
0. lOOO 
-0. 7444 
-0. 8556 
-0. 9675 
-1. 0788 
-1. 2039 
-1. 3470 
-1. 4696 
-1. 5606 
-1. 6607 
-1. 7719 
-1.B971 
-2. 0402 
-2. 2072 
-2. 3025 
525 420 
R*.= <A /A }inf. 
k^=6. 3 x l o - 5 ' s - l . 
= (0. 010 /0 . 050) 
TFhP=30* , CS3=0. 05moldm-3. CH'^ 'a^O. 20moldm-3» 
Cf1n0rD=2> lo~4moldm-3, lU«o. 2aoo ldm-3 , CSDS3=NIL. 
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TABLE S20 : EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSB^CE OF SDS. 
Time (ruin 
0 
30 
60 
90 
120 
150 
180 
210 
2^ 50 
270 
300 
330 
360 
390 
420 
R*=(A 
S2$ 
\9T -
TEi'iP= 
CMnO^ 
525 
) A 
obs 
0. 475 
0.420 
0. 370 
0.330 
0. 295 
0.260 
0. 215 
0. 195 
0. 170 
0. 145 
0. 120 
0. 110 
0. 095 
0.075 
0. 060 
/A )inf. 
35° , CS3=0. 
525 
A 
cor 
0. 4750 
0. 4100 
0. 3500 
0. 3000 
0. 2600 
0. 2200 
0. 1800 
0. 1600 
0. 1400 
0. 1200 
0. 1000 
0. 0900 
0. 0800 
0. 0650 
0. 0500 
= (0. 
R* 
05.T.oldm-3, C 
525 
In A 
cor 
-0. 7444 
-0. 8915 
-1. 0498 
-1. 2039 
-1. 3470 
-1. 5141 
-1. 7147 
-1. 8325 
-1. 9661 
-2. 1202 
-2. 3025 
-2. 4079 
-2. 5257 
-2. 7333 
-2. 9957 
005/0. 025) 
H+3 
3=2«lo~4moldD-3*p=o. 2ono 
=0. 20moldm-
ldm-3,CSDS: 
k^=8. 
-3. 
I=NIL. 
5xlo-5'5-l. 1 
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TABLE S21 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT I N THE ABSENCE Or SDS. 
Time(min 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
R*={A 
COf 
TEf^ P= 
CMn07 
525 
) A 
obs 
0. 470 
0. 410 
0.360 
0. 310 
0.270 
0.220 
0. 170 
0. 140 
0. 120 
0. 090 
0.075 
0. 060 
Sis 4-io 
/A )inf. 
A - A X 
40* , CS3=0. 
525 
A 
cor 
0. 4700 
0. 3900 
0. 3200 
0. 2600 
0. 2200 
0. 1800 
0. 1400 
0. 1200 
0. 1000 
0. 0800 
0. 0700 
0. 0500 
= (0. 
R* 
525 
In A 
cor 
-0. 7550 
-0. 9416 
-1. 1394 
-1. 3470 
-1. 5141 
-1. 7147 
-1. 9661 
-2. 1202 
-2. 3025 
-2. 5257 
-2. 6592 
-2. 9957 
005/0.025) 
05<T»oldm-3, CH"^ ] 
3=2<lo''+moldm-3i p=o. 2omo 
=0. 20moldm-
ldm-3,ESDS] 
k =1. OxlO""^s-l. I 
_ X — — — — — _ ' 
_ J ^ — _ _, 
•3, i 
=NIL. ; 
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TABLE S22 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time<min 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
195 
210 
t 
R*=<A" 
.525 
525 
) A 
obs 
0. 450 
0. 410 
0.370 
0. 340 
0.310 
0. 280 
0.250 
0. 220 
0. 185 
0. 165 
0. 150 
0. 130 
0. 115 
0. 100 
0.080 
/A )inf. 
^^2S_ ^^^\ 
525 
A 
cor 
0. 4500 
0. 3950 
0. 3500 
0. 3100 
0. 2700 
0. 2400 
0. 2100 
0. 1850 
0. 1600 
0. 1450 
0. 1300 
0. 1150 
0. 1000 
0. 0850 
0. 0700 
= (0. 
R» 
525 
In A 
cor 
-0. 7985 
-0. 9288 
-1. 0498 
-1. 1711 
-1. 3093 
-1. 4271 
-1. 5606 
-1. 6873 
-1. 8325 
-1. 9310 
-2. 0402 
-2. 1328 
-2. 3025 
-2. 4651 
-2. 6592 
005/0. 025) 
k =1. 
r 
4xlo-4s-l. 
TErip=45* , ES3=0. 05moldm-3. CH'^ 3-0. 20moldm-3> 
CHn073=2xlo'*^ moldffl-3i u=o. 2ofnoldm-3; CSDS3=NIL. 
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TABLE S23 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE SDS. 
Timediin 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
460 
510 
R*=tA' 
525 
) A 
obs 
0. 480 
0. 465 
0. 450 
0.420 
0. 400 
0.385 
0. 360 
0.340 
0. 330 
0.310 
0. 275 
0.260 
0. 240 
0.225 
0. 200 
0. 190 
0. 180 
0. 170 
?25" 410 
/A )inf. 
TthPsSO' , ES3=0. 
CMnqf 
525 
A 
cor 
0. 4800 
0. 4450 
0. 4200 
0. 3800 
0. 3500 
0. 3300 
0. 3000 
0. 2800 
0. 2600 
0. 2400 
0. 2100 
0. 2000 
0. 1800 
0. 1700 > 
0. 1500 
0. 1400 
0. 1300 
0. 1250 
525 
In A 
cor 
-0. 7339 
-0. 8096 
-0. 8675 
-0. 9675 
-1. 0498 
-1. 1086 
-1. 2039 
-1. 2729 
-1. 3470 
-1. 4271 
-1. 5606 
-1. 6094 
-1. 7147 
-1. 7719 
-1. 8971 
-1. 9661 
-2. 0402 
-2. 0794 
= (0. 020/0. 050) 
R* 
03moldm~3, CH"*"3 
J=2xl0''^moldin-3ip=0. 20n»o 
-0. 20moldm-
ldm-3,CSDS] 
k_=4. 
•3i 
=NIL. 
IxlO^^s-l. 1 
' 
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TABLE S24 EFFECT OF TEHPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE Or SDS. 
Time<»nin) 
525 
obs 
525 
cor 
In A 
525 
cor 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
330 
360 
390 
420 
450 
480 
510 
0. 480 
0. 440 
0.420 
0. 390 
0.350 
0. 330 
0.310 
0. 280 
0.260 
0. 230 
0.205 
0. 190 
0. 170 
0. 160 
0. 140 
0. 120 
0. 110 
0. 105 
0. 4800 
0. 4350 
0. 4000 
0. 3600 
0. 3200 
0. 2900 
0. 2700 
0. 2400 
0. 2200 
0. 1900 
0. 1700 
0. 1600 
0. 1400 
0. 1300 
0. 1100 
0. 1000 
0. 0900 
0. 0850 
-0. 7339 
-0. 8324 
-0. 9162 
-1. 0216 
-1. 1394 
-1. 2378 
-1. 3093 
-1. 4271 
-1. 5141 
-1. 6607 
-1. 7719 
-1. 8325 
-1. 9661 
-2. 0402 
-2. 2072 
-2. 3025 
-2. 4079 
-2. 4651 
k^=5. 3xl0**'^ s-l 
= (0. 010/0. 050) S2.S 4.iO R+=(A /A >inf. 
SZS ^IS A-^o _^ 
C^oT ~ ~ X R* 
TEI';P=35*' , CS3=0. 03ffloldm-3, CH"*"]*©. 20moldm-3i 
CMn0^ 3=2<10-'''n»oldn5-3, p=0. 20.-noldm-3, CSDS3=NIL. 
TABLE S25 EFFECT OF TEMPERATURE ON THE 
RATE COraSTANT I N THE ABSEfJCE SDS. 
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T i m e < n i n ) 525 
obs 
525 
cor 
In A 
5 2 5 
cor 
0 
30 
60 
90 
120 
150 
ISO 
210 
240 
270 
300 
330 
360 
390 
0. 480 
0.440 
0. 400 
0.370 
0. 325 
0.300 
0. 270 
0.240 
0.210 
0. 190 
0. 170 
0. 140 
0. 110 
0. 100 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
4800 
4200 
3700 
3300 
2800 
2500 
2200 
1900 
1700 
1500 
1300 
1100 
0900 
0800 
-0. 7339 
-0. 8675 
-0. 9942 
-1. 1086 
-1. 2729 
-1.3862 
-1. 5141 
-1. 6607 
-1. 7719 
-I. 8971 
-2. 0402 
-2. 2072 
-2. 4079 
-2. 5257 
k,=7 . I x l O ^ ^ s - l . 
R*=<A /A ) i n f 
S^S SZS 4 2 0 
\ « y = A - A * X R* 
= ( 0 . 0 1 0 / 0 . 0 5 0 ) 
TFi^.P^40* , CS3=0. 03moldm-3/ I:H*3=^0. 20moldm-3> 
CMnOr3=2xlO'"4moldffl-3, p=0. 20moldm-3» [:SDS3=NIL. 
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TABLE S26 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE ABSENCE OF SDS. 
Time(nin) 
0 
30 
60 
90 
120 
150 
180 
210 
2A0 
270 
300 
330 
3fc0 
525 
A 
obs 
0. 480 
0. 430 
0. 380 
0.345 
0. 300 
0.255 
0. 215 
0. 185 
0. 160 
0. 135 
0. 110 
0.090 
0. 070 
525 
A 
cor 
0. 4800 
0. 4100 
0. 3500 
0. 3000 
0. 2500 
0. 2100 
0. 1700 
0. 1500 
0. 1300 
0. 1100 
0. 0900 
0. 0750 
0. 0600 
525 
In A 
cor 
-0. 7339 
-0. 8915 
-1. 0498 
-1. 2039 
-1. 3862 
-1. 5606 
-1. 7719 
-1. 8971 
-2. 0402 
-2. 2072 
-2. 4079 
-2. 5902 
-2. 8134 
k2=9. 
-
ixl0~^5-l. 
R-*=(A /A )inf. 
- A^ X R» 
= (0. 010/0. 050) 
«COf " ^ 
TE!'!P=45* , CS3=0. 03!i>oldm-3. CH*]=0. 20moldm-3, 
CMn0r3=2xl0"*4moldm-3, p=0. 20noldm-3, CSDS3=NIL. 
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0-35 - CSJ = 0 02 motdm""'^ CSJ= 0-03moldm 
360 /.80 
Time, mm 
240 360 
Time,mln 
480 600 
0-30r CS] = 0 0 4 m o l d m -3 0-30 
0-20 
0-10-
[S3=0-O5moldm" 0-30 - 3 LSJ = 0-08moldm 
0-20-
0-10 -
J 0 
240 360 480 
Time, mm 
120 240 360 480 0 
Time, mm 
120 240 360 
T ime, mm 
Figure IS Var ia t ion of the absorbance at 420 nm wi th t ime at d i f fe ren t concentrat ion 
of Serine in the absence of 5D5 
Temp. 30°Ci [H*D = O-IOmoLdm" , |j = 0-20moldm~ ; [MnO^3 = 2X10 moldm" , 
C SOS J ^ nit 
316 
0 2 0 -
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c 
a 
•Q 0-10 
o 
< 
LH] = 0-05moldm 
120 2A0 360 480 
Time ,min 
[ H : = 0-15moldm - 3 
_L 
0 120 
Figure 35 
240 360 480 
T ime, mm 
0 30 [ H ] = 0- IOmoldm 
o 
c 
o 
n 
o 
< 
0 2 0 -
0 1 0 -
240 360 
Time^mln 
LH] : : 0 -20mo ldm ' 
120 240 360 480 
Time, min 
Va r ia t i on of the a b s o r b a n c e at 420 nm w i th t ime a t 
d i f f e r e n t c o n c e n t r a t i o n s of Hydrogen ion in t he absence 
of SDS 
^ - 3 
T e m p = 3 0 ° C . C 5 ] = 0-04 moldm" , /J = 0-20 moldm , 
CMnO^ J = 2 X l d ^ m o t d m " ' ^ , CSDS'J = n i l 
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OXIDATION OF SERIITB lU THE PRESENCE OF SD3 
Tables 36 to 310 : Effect of the Concentration of Serine on the 
Observed Rate Constant (ky) 
The conditions were kept constant as described earlier in 
the absence of SDS to see the effect of the concentration of 
glutamic acid under the conditions that [SDS] ^  cmc (0.01 moldm ), 
All the rate constants are the average of atleast two identical 
runs. 
Tables 315 to 318 : Effect of the [H"*"] on the Observed Rate 
Constant (k^) 
The conditions onployed were similar as described for the 
absence of SDS to see the effect of the [H"*"] under the conditions 
that [SDS] ^  cmc (0.01 moldm ). All the rate constants are the 
average of atleast two identical runs. 
Tables 327 to 334 : Effect of Temperature on the Observed Rate 
Constant (ky) 
During the study of temperature effect the condition 
employed were same as described in the absence of SDS, under 
the conditions that the [SDS] N cmc (0.01 moldm"^). Activation 
parameters are evaluated using linear least square technique. 
The results are computed by using FORTRAN V.a-11/780. All the 
rate constants are the average of atleast two identical runs. 
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Tables 355 to 338 : Effect of the [SDS] on the Observed Rate 
Constants (ky) 
_3 
The concentration of SDS i s varied from 0.01 to 0.04 moldm 
at a constant [MnOj] = 2x10"^ moldm"'^, [H"*"] = 0.10 moldm"^, ion ic 
s t rength \i = 0.20 moldm , [s ] = 0.05 moldm and temperature 
= 50 . All the ra te constants are the averaige of a t l e a s t two 
i den t i c a l runs . 
At the end of the Tables various f igures have been 
presented with appropriate capt ions. 
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TABLE S6 EFFECT OF THE CONCENTRATION OK 
SERINE O.N THE RATE CONSTANT IN THE PRESENCE 
OF SDS. 
Time<ciin 
0 
5 
10 
15 
20 
25 
30 
35 
40 
60 
75 
90 
105 
120 
135 
525 
) A 
obs 
0 440 
0. 430 
0. 410 
0. 375 
0.360 
0. 340 
0.325 
0. 300 
0. 280 
0. 235 
0.200 
0. 165 
0. 135 
0. 110 
0. 085 
R^ .= <A /A ) 
62S 
A cor 
TEMP= 
Cfinqr:3 
= A 
•30* > CS3= 
inf. 
A * " 
525 
A 
cor 
0. 4400 
0. 4100 
0. 3900 " 
0. 3600 
0. 3400 
0. 3200 
0. 3000 
0. 2800 
0. 2600 
0. 2000 
0. 1650 
0. 1300 
0. 1100 
0. 0900 
0. 0700 
= (0. 005/0. 
X R# 
525 1 
In A \ 
cor i 
-0. 8209 ! 
-0.8915 i 
-0. 9416 ! 
-1.0216 ! 
-1.0788 i 
-1. 1394 5 
-1.2039 i 
-1.2729 ! 
-1.3470 i 
-1.6094 ! 
-1.8018 1 
-2. 0402 i 
-2. 2072 1 
-2. 4079 ! 
-2. 6592 1 
k-=2xlo-4s-l. 1 
050) } 
0. 08sioldm-3, CH"**3=0. lOmoldm-3, ! 
=2» io**4moldn--3, p«o. 2onoIdfi>-3, CSDS3=0. OlmoIdm-3 
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TABLE S7 EFFECT OF THE CONCENTRATION OF 
BE RI Nil ON THE RATE CONSTANT IN THE PRESENCE 
OF SDS. 
Time(r»in) 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
leo 
195 
210 
225 
525 
A 
obs 
0. 450 
0. 430 
0. 395 
0.365 
0. 335 
0.305 
0.275 
0.250 
0. 220 
0. 200 
0. 180 
0. 160 
0. 140 
0. 125 
0. 110 
0. 100 
525 
A 
cor 
0. 4500 
0. 4100 
0. 3700 
0. 3350 
0. 3000 
0. 2700 
0. 2400 
0. 2150 
0. 1900 
0. 1700 
0. 1550 
0. 1400 
0. 1250 
0. 1100 
0. 1000 
0. 0900 
525 
In A 
cor 
-0. 
-0. 
-0. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-2. 
-2. 
-2. 
-2. 
7985 
8915 
9942 
0936 
2039 
3093 
4271 
5371 
6607 
7719 
8643 
9661 
0794 
2072 
3025 
4079 
k- = l. lxlo-4s-l. 
SIS AXQ 
R* = <A /A^ )inf. 
A cor = A - A X R* 
= (0. 005/0. 050) 
IEMP=30* > CS3=0. 05moldm-3, CH*'3=0. lOmoldm-3, 
CHnOr3=2xlo"4moldm-3, |j=o. 2omoldm-3. CSDS3=0. Olfaoldm-^. 
325 
TABLE ES EFFECT OF THE CONCENTRATION OF 
SERINE ON THE RATE CONSTANT IN THE PRESENCE 
OF SDS. 
Time<n»in3 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
leo 
210 
240 
270 
6 
R*-=<A 
S2S 
A cor 
1EHP= 
CflnO^ J 
525 
A 
obs 
0. 460 
0. 440 
0. 415 
0. 390 
0.360 
0. 340 
0.315 
0. 290 
0.260 
0. 240 
0.220 
0. 195 
0. 150 
0. 120 
0.095 
'2$ 4^0 
/A > 
52S 
= A ~ 
•30* , CS3= 
inf. 
A 
525 
A 
cor 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
4600 
4200 
3850 
a500 
3250 
3000 
2750 
2500 
2250 
2100 
1900 
1600 
1350 
1100 
0900 
= (0.005/0 
X R* 
0. 04moldm-3. 
=2xlo'*4'moldn -3, 
CH"*" 
tj=o. 2ofi»o 
525 ! 
In A ! 
cor 1 
-0. 7765 { 
-0. 8675 ! 
-0. 9545 5 
-1.0498 1 
-1. 1239 ! 
-1.2039 J 
-1.2909 ! 
-1.3862 ! 
-1.4916 I 
-1. 5606 ! 
-1.6607 I 
-1.8325 ! 
-2. 0024 ! 
-2. 2072 ! 
-2. 4079 ! 
k-=9. 6x10-5^5-1. j 
.050) ; 
3=0. lOmoldm-3, i 
ldm-3/ CSDS3=0. Olmoldm-3 . 1 
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TABLE S9 : EFFECT OF THE CONCENTRATION OF 
SERINE ON THE RATE CONSTANT IN THE PRESENCE 
OF SDS. 
Time(nin) 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
180 
210 
240 
270 
300 
525 
A 
obs 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
470 
465 
450 
430 
415 
400 
380 
360 
345 
320 
305 
270 
240 
200 
175 
155 
525 
A 
cor 
0. 4700 
0. 4500 
0. 4250 
0. 4000 
0. 3800 
0. 3600 
0. 3400 
0. 3200 
0. 3050 
0. 2850 
0. 2700 
0. 2400 
0. 2150 
0. 1800 
0. 1650 
0. 1500 
525 
In A 
cor 
-0. 7550 
-0. 7985 
-0. 8556 
-0. 9162 
-0. 9675 
-1. 0216 
-1. 0788 
-1. 1394 
-1. 1874 
-1. 2552 
-1. 3093 
-1. 4271 
-1. 5371 
-1. 7147 
-1. 8018 
-1. 8971 
h: =5. 6xl0~^-l. 
S2S 4^ 6 R<.= <A /A )inf. = (0.005/0.050) 
S2S SZS 4J^ o „ 
A cor = A - A^ X R* 
TEMP=3cf , CS3=-0. 03moldm-3; EH+l^O. lOmoldm-3, 
Ct1n0^3=2xlo-*moldm-3i^=o. 2onoln-3, CSDS1=0. Oimoldm-3 
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TABLE S IO EFFECT OF THE CONCENTRATION OF 
SERINE ON THE RATE CONSTANT I N THE PRESENCE OF 
SDS. 
Time<(T»in) 
0 
15 
30 
45 
60 
75 
90 
120 
150 
leo 
210 
240 
270 
300 
330 
525 
A 
obs 
0. 480 
0. 480 
0. 475 
0. 465 
0. 455 
0. 440 
0. 420 
0. 395 
0.375 
0. 340 
0.320 
0. 285 
0.265 
0. 240 
0.230 
525 
A 
cor 
0. 4800 
0. 4600 
0. 4450 
0. 4300 
0. 4100 
0. 3900 
0. 3700 
0. 3400 
0. 3200 
0. 2900 
0. 2700 
0. 2400 
0. 2200 
0. 2000 
0. 1900 
525 
In A 
cor 
-0. 7339 
-0. 7765 
-0. 8096 
-0. 8451 
-0. 8915 
-0. 9432 
-0. 9942 
-1. 0788 
-1. 1394 
-1. 2378 
-1. 3093 
-1. 4271 
-1. 5141 
-1. 6094 
-1. 6607 
k~=4. Sxlo-5* s-1 
52S 420 
R*.=:<A /A ) inf . = (0.010/0.060) 
SZ$ SZ$ > 2 0 
A c o r = A - A )f R*. 
1EnP==3cf > CS3=0. 0 2 m o l d m - 3 , LH"**3=0. l O m o l d m - 3 , 
CMnOr32xlo-4moldm-3i u= = 0. 2omold.'n-3* CSDS3=0. Olmoldm-3-
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TABLE SI5 EFFECT OF CH*] ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
525 
Timetmin) A 
obs 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
ISO 
195 
210 
TENP= 
CflnO^  
0. 430 
0. 410 
0.370 
0. 330 
0.295 
0.270 
0.240 
0. 210 
0. 180 
0. 160 
0. 140 
0. 125 
0. 110 
0. 100 
0.090 
5*25 AZO 
/A^ )inf. 
A - A X 
30* , i:S3=0. 
525 
A 
cor 
0. 4300 
0. 3850 
0. 3400 
0. 3000 
0. 2600 
0. 2350 
0. 2100 
0. 1850 
0. 1600 
0. 1450 
0. 1250 
0. 1100 
0. 1000 
0. 0900 
0. 0800 
525 
In A 
cor 
-0. 8439 
-0. 9545 
-1. 0788 
-1. 2039 
-1.3470 
-1. 4481 
-1. 5606 
-1. 6873 
-1.8325 
-1. 9310 
-2. 0794 
-2. 2072 
-2. 3025 
-2. 4079 
-2. 5257 
= (0.005/0. 050) 
R* 
04moldm-3, CH*3 
3=2xlo'"4moidm-3/ jj=o. 2ono 
-0. 20moldm-
ldm-3» CSDS: 
k-=l. 3xl0""^s-l. 1 
•3, ! 
=0. 01moIdm*'3 , J 
TABLE S16 : EFFECT OF EH'*'] ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
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525 
Time(nin) A 
obs 
0 
15 
30 
45 
hO 
75 
90 
105 
120 
135 
150 
165 
ISO 
195 
210 
225 
0. 440 
0.420 
0. 390 
0.350 
0. 330 
0. 300 
0. 270 
0.245 
0. 220 
0.200 
0. 180 
0. 165 
0. 150 
0. 130 
0. 105 
0.095 
525 
A 
cor 
0. 4400 
0. 4000 
0. 3600 
0. 3200 
0. 2950 
0. 2600 
0. 2400 
0. 2200 
0. 1950 
0. 1700 
0. 1600 
0. 1450 
0. 1300 
0. 1100 
0. 0950 
0. 0900 
S2S ^Zo 
R*-=<A /A )inf. =(0. 
525' 32S A-ZO „ 
A^^j,=A - A^ X R* 
TF|-iP= 
CMnO^ 
525 
In A i 
cor ,' 
-0. 8209 i 
-0. 9162 ! 
-1.0216 1 
-1. 1394 { 
-1.2207 1 
-1.3470 ! 
-1. 4271 ! 
-1. 5142 
-1.6347 I 
-1. 7719 ! 
-1.8325 ! 
-1.9310 I 
-2. 0402 ! 
-2. 2072 
-2. 3538 1 
-2. 4079 I 
k-=l. Ixl0"*4s-1. 1 
005/0. 050) i 
30 , CS3=0. 0'1moldm-3, CH*3-0. 15moldm-3, ! 
3=2xlo"'4moldm--3, p=o. 2onoldfr.-3i CSDS]|=0. Olmoldm^SJ . < 
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TABLE SI7 : EFFECT OF ZH^l ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
525 
ime(nin> A 
obs 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
210 
240 
270 
R*=(<a 
TEi'!P = 
CMnO^ 
0.460 
0. 440 
0. 415 
0. 390 
0.360 
0. 340 
0.315 
0. 290 
0.260 
0. 240 
0. 220 
0.210 
0. 195 
0. 150 
0. 120 
0.095 
525 
A 
cor 
0. 4600 
0. 4200 
0. 3850 
0. 3500 
0. 3250 
0. 3000 
0. 2750 
0. 2500 
0. 2250 
0. 2100 
0. 1900 
0. 1750 
0. 1600 
0. 1350 
0. 1100 
0. 0900 
\ * /A )inf. =(0. 
525 ,420 „ 
A - A « R* 
525 ! 
In A ! 
cor I 
-0. 7765 S 
-0. 0675 '! 
-0. 9545 1 
~1. 0498 J 
-1. 1239 
-1.2039 { 
-1.2909 ! 
-1. 3862 ! 
-1.4916 ! 
-1. 5606 i 
-1.6607 
-1.7429 
-1.8325 J 
-2. 0024 1 
-2. 2072 ! 
-2. 4079 ! 
k,=9. 6xlo-^s-l. i 
005/0.050) { 
30* , CS3=0. 04moldm--3, CH*]=0. lOffloldm-3, 
3 = 2)tlo-*inoldn -3.^=0. 2o»nold(n-3i CSDS3=0. 01(T.oldm'-3. 1 
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TABLE S18 : EFFECT OF THE CH"^ 3 ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
525 
ime(nin) A 
obs 
0 
15 
30 
45 
60 
75 
90 
105 
120 
150 
180 
210 
2A0 
270 
300 
0. 470 
0. 450 
0. 430 
0. 405 
0. 380 
0.355 
0. 330 
0.305 
0. 280 
0.240 
0. 200 
0. 180 
0. 150 
0. 130 
0. 110 
525 
A 
cor 
0. 4700 
0. 4350 
0. 4050 
0. 3700 
0. 3500 
0. 3250 
0. 2950 
0. 2700 
0. 2500 
0. 2150 
0. 1800 
0. 1600 
0. 1400 
0. 1200 
0. 1000 
5*25" 420 
R^=(A /A )inf. =<0. 
TEHP= 
CHnOj 
=30 , CS3=0. 
*3=2<lo-4n»o 
525 ! 
In A ! 
cor I 
-0. 7550 1 
-0. 8324 ! 
-0. 9038 ! 
-0. 9942 1 
-1. 0498 ! 
-1. 1239 i 
-1.2207 i 
-1.3093 i 
-1. 3862 ! 
-1.5371 ! 
-1.7147 ! 
-1.8325 ! 
-1.9661 ! 
-2. 1202 i 
-2. 3025 
k_=8. Sxlo-^'s-l. ! 
005/0.050) 5 
04moldm-3i CH*3=0. 05moldm-3. I 
1dm -3, ^ =0. 2o.'noldm-3. CSDS3=0. Olmoldm-3 i 
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TABLE S27 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(fiiin) 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
160 
525 
A 
obs 
0. 425 
0.380 
0. 330 
0.280 
0. 250 
0.220 
0. 105 
0. 160 
0. 135 
0. 110 
0.095 
0.070 
0. 060 
525 
A 
cor 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
4250 
3600 
3000 
2500 
2100 
1800 
1500 
1300 
1100 
0900 
0800 
0600 
0500 
525 
In A 
cor 
-0. 
-1. 
-1. 
-1. 
-1. 
-1. 
-1. 
-2. 
-2. 
-2. 
-2. 
-2. 
-2. 
8556 
0216 
2039 
3862 
5606 
7147 
8971 
0402 
2072 
4079 
5257 
8134 
9957 
k- = l. Vxl0~4s-1. 
5 2 5 4-20 
R.»=(A /fC ) in f . = ( 0 . 0 0 5 / 0 . 0 5 0 ) 
^ i 5 525" 4 2 0 
TEi'!P=30* , CS3=0. 05moldm-3, CH^JsQ. 20moldm-3, 
CMnO;j'3=2xlO-4m01dm-3ijU=0. 20.-noldm-3, CSDS3=0. O l m o l d m - 3 . 
333 
TABLE S28 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(nin) 
525 
obs 
525 
cor 
In A 
525 
cor 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
0. 440 
0.370 
0. 310 
0.270 
0. 215 
0. 170 
0. 130 
0. 105 
0. 080 
0.065 
0. 055 
0. 4400 
0. 3500 
0. 2750 
0. 2300 
0. 1800 
0. 1400 
0. 1100 
0. 0900 
0. 0700 
0. 0600 
0. 0500 
-0. 8209 
-1. 0498 
-1. 2909 
-1. 4696 
-1. 7147 
-1. 9661 
-2. 2072 
-2. 4079 
-2. 6592 
-2. 8134 
-2. 9957 
k =2. 5xl0r'*5-l. 
R.*=:(A /A )inf. 
.SZS" SiS .4.20 „^ A^  = A - A X R* 
TB":P=35*, CS3=0. 05moldm-3. CH^J^O. 20fflolclm-3. 
= (0. 005 /0 . 050) 
CMn0^3=2<10"'4moldm-3,|Li=0. 20noldm-3> CSDS3=0. O l m o l d m - 3 . 
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TADLE S29 EFFECT OF TEHPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(nin 
0 
5 
10 
15 
20 
30 
35 
40 
45 
60 
75 
90 
105 
120 
R*=<A 
,szs 
A, = 
TENP^ 
CHnO" 
525 
) A 
obs 
0. 400 
0.380 
0. 360 
0.330 
0. 310 
0.280 
0. 260 
0.230 
0. 200 
0. 160 
0. 120 
0.090 
0. 070 
0.055 
S25 4Z0 
/A )inf. 
40* . ES3=0. 
525 
A 
cor 
0. 4000 
0. 3650 
0. 3350 
0. 3050 
0. 2800 
0. 2400 
0. 2200 
0. 2000 
0. 1700 
0. 1400 
0. 1100 
0. 0800 
0. 0650 
0. 5000 
= (0. 
R# 
525 
In A 
cor 
-0. 9162 
-1. 0078 
-1. 0936 
-1. 1874 
-1. 2729 
-1. 4271 
-1. 5141 
-1. 6094 
-1. 7719 
-1. 9661 
~2. 2072 
-2. 5257 
~2. 7333 
-2. 9957 
005/0. 050) 
05.T>oldm-3. EH*3 
3=2xlO*'^moldm-3, fj==0. 20(no 
=0. 20moldm-
ldm-3,CSDS] 
k-=3. OxlO*4s-l. ! 
-3, ! 
=0. 01tT»oldm**5 . { 
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TABLE S30 : EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
525 
Time(nin) A 
0 
5 
10 
15 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
R*-=<A 
SIS 
TFr'tPs 
CMnOr 4 
obs 
0. 425 
0.380 
0. 350 
0.310 
0, 225 
0. 190 
0. 175 
0. 150 
0. 130 
0. 115 
0. 100 
0. 090 
0. 080 
0.060 
67.S 4.20 
/A )inf. 
A - A X 
45* , ES3=0. 
525 
A 
cor 
0. 4250 
0. 3700 
0. 3250 
0. 2800 
0. 1900 
0. 1600 
0. 1500 
0. 1300 
0. 1100 
0. 1000 
0. 0900 
0. 0800 
0. 0700 
0. 0550 
525 
In A 
cor 
-0. 8556 
-0. 9942 
-1. 1239 
-1. 2729 
-1. 6607 
-1. 8325 
-1. 8971 
-2. 0402 
-2. 2072 
-2. 3025 
-2. 4079 
-2. 5257 
-2. 6592 
-2. 9004 
= (0. 005/0. 050) 
R# 
05molclm-3, CH*] 
3=2xl0"'4'mold.T 1-3/ jj=0. 20fi»o 
-0. 20moldm-
k =4. 5xlO~4s_i. j 
-3, ! 
ldm-3i CSDS3=0. 01mold(ir-3. I 
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TABLE S31 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time(nin) 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
210 
2A0 
270 
525 
A 
obs 
0. 450 
0. 435 
0. 410 
0.380 
0. 360 
0. 330 
0. 310 
0.290 
0. 270 
0.250 
0. 225 
0.200 
0. 190 
0. 150 
0. 125 
0. 100 
52^ 420 
R*.= <A /A )inf. 
5251 J^ A^^ 
"cor ~ ~ ^ 
TPM?=30' , CS3=0. 
Ct1n0^3 = 
525 
A 
cor 
0. 4500 
0. 4150 
0. 3800 
0. 3500 
0. 3200 
0. 2900 
0. 2700 
0. 2500 
0. 2300 
0. 2100 
0. 1900 
0. 1700 
0. 1600 
0. 1300 
0. 1100 
0. 0900 
= (0. 
R* 
525 
In A ! 
cor i 
-0. 7985 5 
-0. 8794 i 
-0. 9675 i 
-1.0498 I 
-1. 1394 ! 
-1.2378 
-1. 3093 ! 
-1.3862 J 
-1.4696 5 
-1. 5606 { 
-1.6607 I 
-1. 7719 i 
-1.8325 i 
-2. 0402 I 
-2. 2072 J 
-2. 4079 i 
ky=9. ixlO~^s-i. 1 
005/0. 050) I 
03moldm-3i CH*3=0. 20moldm-3i i 
2> 10"^(noIdm -3i |u=0. 20noldm-3/ CSDS3=0. Olffloldm-3. .' 
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TABLE S32 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time<r)in 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
195 
210 
i 
R*-=<A" 
525" 
525 
) A 
obs 
0. 460 
0. 430 
0.390 
0. 360 
0.330 
0. 290 
0.260 
0. 230 
0.200 
0. 175 
0. 150 
0. 130 
0. 110 
0. 100 
0.090 
/A )inf. 
525 
A 
cor 
0. 4600 
0. 4100 
0. 3600 
0. 3200 
0. 2900 
0. 2500 
0. 2200 
0. 1900 
0. 1700 
0. 1500 
0. 1300 
0. 1200 
0. 1000 
0. 0900 
0. 0800 
= (0. 00 
R* 
TEnP=35*', ES3=0. 03moldm-3, IH^l 
Cfinor: l=2xlO~4moldn >-3, ju=0. 20n»o 
525 } 
In A I 
cor 1 
-0. 7765 ! 
-0.8915 { 
-1.0216 
-1. 1394 5 
-1.2378 i 
-1.3862 
-1. 5141 
-1. 6607 ! 
-1.7719 ! 
-1. 8971 ! 
-2. 0402 ! 
-2. 1202 i 
-2. 3025 i 
-2. 4079 ! 
-2. 5257 ! 
k^=l. 3xl0-^s-l. ! 
5/0. 050) ! 
=0. 20moldm-3» ! 
ld(n-3, CSDS3=0. Olmoldm-S. • 
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TABLE S53 EFFECT OF TEMPERATURE ON THE 
RATE COr-iSTANT IN THE PRESENCE OF SDS. 
Time<ain 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
R*=<A' 
52Sr 
525 
) A 
obs 
0. 430 
0. 3S0 
0.320 
0. 270 
0.230 
0. 190 
0. 160 
0. 120 
0.090 
0. 080 
0.070 
^^^ 4.10 
/A )inf. 
A - A X 
ThHP-40* , CS3=0. 
CMnOJ 
525 
A 
cor 
0. 4300 
0. 3500 
0. 2900 
0. 2300 
0. 1900 
0. 1600 
0. 1300 
0. 1000 
0. 0800 
0. 0700 
0. 0600 
525 
In A 
cor 
-0. 8439 
-1. 0498 
-1. 2378 
-1. 4696 
-1. 6607 
-1. 8325 
-2. 0402 
-2. 3025 
-2. 5257 
-2. 6592 
-2. 8134 
= (0. 005/0. 050) 
R* 
03moldm-3, CH*3 
3=2«10'**moldfi>-3, p=0. 20no 
=^ 0. 20(noldm-
ldm-3. CSDS] 
k-=2. 2xl0'**4s-l. j 
•3> 1 
=0. 01r»oldi(n-'3' 1 
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TABLE S34 EFFECT OF TEMPERATURE ON THE 
RATE CONSTANT IN THE PRESENCE OF SDS. 
Time<(nin> 
0 
5 
10 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
5*2 
R*-=(A 
TthP=45 
CI1nq^ 3 = 
525 
A 
obs 
0. 430 
0. 410 
0. 400 
0. 380 
0.320 
0. 270 
0.215 
0. 170 
0. 140 
0. 110 
0.090 
0. 070 
0. 060 
5- ^ZO 
/A >inf. 
- A X 
' , CS3=0. 
525 
A 
cor 
0. 4300 
0. 4000 
0. 3750 
0. 3500 
0. 2800 
0. 2300 
0. 1800 
0. 1500 
0. 1200 
0. 1000 
0. 0800 
0. 0600 
0. 0500 
= (0. 
R# 
525 
In A 
cor 
-0. 8439 
-0. 9162 
-0. 9808 
-1. 0498 
-1. 2729 
-1. 4696 
-1. 7147 
-1. 8971 
-2. 1202 
-2. 3025 
-2. 5257 
-2. 8134 
-2. 9957 
h.' 
005/0. 050) 
03n>oldm-3, CH*3=0. 20moldm-3, 
2yIO-'4moldm-3,^=0. 20.^0ldm-3/ CSDS3=0. 
=2. 3xl0~4s-i. i 
01 mo 1 dm"* 3, ! 
340 
TABLE £35 EFFECT OF THE CONCENTRATION 
OF SDS ON THE RATE CONSTANT. 
Time<oin 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
165 
180 
210 
240 
R*=<A 
A = 
TEr<p= 
CflnO^  
525 
) A 
obs 
0. 450 
0. 430 
0.395 
0. 365 
0.335 
0. 305 
0.275 
0. 250 
0.220 
0. 200 
0. 180 
0. 160 
0. 140 
0. 110 
0.090 
/A^ >inf. 
A - A X 
30* , CS3=0. 
3=2xlO*^mc 
525 
A 
cor 
0. 4500 
0. 4100 
0. 3700 
0. 3350 
0. 3000 
0. 2700 
0. 2400 
0. 2150 
0. 1900 
0. 1700 
0. 1550 
0. 1400 
0. 1250 
0. 1000 
0. 0850 
= (0. 
R# 
00 
05,i»oldffl~3, CH*3 
>ldm-3, p=0. 20mo 
525 ! 
In A i 
cor 1 
-0. 7985 i 
-0. 8915 ! 
-0. 9942 ! 
-1.0936 ! 
-1.2039 ! 
-1.3093 
-1.4271 I 
-1. 5371 ! 
-1.6607 ! 
-1.7719 1 
-1.8643 
-1.9661 ! 
-2. 2072 ! 
-2.3025 ! 
-2. 4651 ! 
k_ = i. Ixl0"4s-1. 1 
5/0. 050) ! 
-0. lOmoldm-3^ i 
ldm-3, CSDS3=0. Olmoldm-3 i 
341 
TABLE S36 EFFECT OF THE CONCENTRATION 
OF SDS GiN THE RATE CONSTANT. 
Time<nin 
0 
15 
30 
45 
60 
75 
90 
105 
120 
135 
150 
R«-=<A 
Sis 
TfchP= 
crin07 
525 
> A 
obs 
0. 450 
0. 390 
0.330 
0. 270 
0.230 
0. 190 
0. 160 
0. 130 
0. 110 
0. 090 
0. 070 
/A )inf. 
A ~ A X 
3Cf , ES3=0. 
525 
A 
cor 
0. 4500 
0. 3700 
0. 3000 
0. 2400 
0. 2000 
0. 1600 
0. 1300 
0. UOO 
0. 0900 
0. 0700 
0. 0600 
525 
In A 
cor 
-0. 7985 
-0. 9942 
-1. 2039 
-1. 4271 
-1. 6094 
-1. 8325 
-2. 0402 
-2. 2072 
-2. 4079 
-2. 6592 
-2. 8134 
~(0. 005/0. 050) 
R» 
05moldm~3i CH"*"] 
3=2>10''*(noldm-3;Ju=0. 20ma 
*0. lOmoldm-
ldm-3,CSDS] 
k_=i. 2xl0"*s-l. 1 
-3, 1 
[=0. 02fnoldm-3. i 
TASLE S37 : EFFECT OF THE CONCENTRATION 
OF SD3 ON THE RATE CONSTANT . 
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Time<nin 
0 
5 
10 
15 
30 
45 
60 
75 
90 
105 
120 
4 
R*-={A" 
525 
) A 
obs 
0. 410 
0. 380 
0.350 
0. 320 
0. 240 
0. 180 
0. 140 
0. 110 
0.070 
0.055 
0.040 
/A )inf. 
A - A y 
TE!-!P=30* , CS3=0. 
CflnOr. 
525 
A 
cor 
0. 4100 
0. 3650 
0. 3300 
0. 2950 
0. 2100 
0. 1500 
0. 1100 
0. 0800 
0. 0500 
0. 0400 
0. 0300 
= (0. 
R* 
525 
In A 
cor 
-0. 8915 
-1. 0078 
-1. 1086 
-1. 2207 
-1. 5606 
-1. 8971 
-2. 2072 
-2. 5257 
-2. 9957 
-2. 9957 
-3. 5065 
005/0. 050) 
05.-noldm-3i EH*D 
J=2xlO'"4'moldm-3,p=0. 20no 
-0. 20molclm-
ldrr.-3, CSDS] 
k_=J. 6xlO"**mold! 
•3> ! 
=0.03moldm-5. l 
3 
TABLE S33 EFFECT OF THE CONCENTRATION 
OF SDS QH THE RATE CONSTANT. 
ime<nin 
0 
5 
10 
15 
30 
40 
45 
50 
55 
60 
65 
70 
75 
R*-=<A fZS 
TFj-!P= 
4 
5^5 
) A 
obs 
0.360 
0. 340 
0. 300 
0. 260 
0. 180 
0. 150 
0. 120 
0. 110 
0.090 
0. 080 
0.070 
0. 060 
0.055 
5ZS 4to 
/A )inf. 
A - A X 
30* , ES3=0. 
525 
A 
cor 
0. 3600 
0. 3100 
0. 2700 
0. 2300 
0. 1500 
0. 1100 
0. 0900 
0. 0800 
0. 0700 
0. 0600 
0. 0500 
0. 0450 
0. 0400 
525 
In A 
cor 
-1. 0216 
-1. 1711 
-1. 3093 
-1. 4696 
-1. 8971 
-2. 2072 
-2. 4079 
-2. 5257 
-2. 6592 
-2. 8134 
-2. 9957 
-3. 1010 
-3. 2188 
= (0. 005/0. 050) 
R» 
05moldm-3, CH*] 
3=2xlO"'*moldm-3, |J=0. 20QO 
=0. lOmoldm-
ldm-3,CSDS] 
k-=4. 9xl0-4s-l. j 
•3, 1 
=0. 04,7101dm-* 3. ! 
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Figure 2 5 Variation of the absorbance at 420 nm wi th time at d i f ferent 
concentrations of Serine in the presence of SDS 
- 3 Temp. 30''C; CH ] = 0 - 1 0 m o l d m ; ^=0-20moldm 
CMnO^' j=2X10 motdm"^, C SDS ] = 0-01moldm" ^ 
-3 
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Figure 4 S V a r i a t i o n of the a b s o r b a n c e at 420 nm w i th t ime a t 
d i f f e r e n t c o n c e n t r a t i o n s of Hydrogen ion in the 
presence of 5DS 
Temp. = 30°C . C S ] = 0 0 4 moldm ^, |J = 0-20 moldni" "^  
[. M n 0 ^ 3 = 2X10~^mo ldm"^ , C SDS3 = O O l m o t d m " ^ 
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Figure 9S Var ia t i on of the absorbance at 420 nm w i t h t ime 
at d i f f e ren t concent ra t ions of SDS 
-3 - 3 
Temp. = 30 ' ' c , CS 3= 0-05moldm , CHl = 0-10moldm , 
- 4 - 3 - 3 
CMnO, ] = 2X10 moldm , | j = 0-20moldm 
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OXIDATION OF TRYPTOPHAN IN THE ABSENCE OF 3DS 
Effect of the Concentration of Tryptophan on the Observed 
Rate Constant (k,^ ) 
RUN NO. 1; TEMP = 30°, [w] = 0.01 moldm"^, [H"^] = 0.10 moldm"^, 
fi = 0.20 moldm"^, [MnO^] = 2xlO"^moldm~^, [SDS] = N i l . 
RUN NO. 2; TEMP = 30° , [w] = 0.02 moldm"^, [H"^] = 0.10 moldm"^, 
\i = 0.20 moldm~^, [MnO"] = 2xlO~''^ nioldm"^ , [SDS] = Nil. 
RUN NO. 3; TEMP = 30°, [W] =0.03 moldm"^, [H"^] = 0.10 moldm"^, 
[i = 0.20 moldm"^, [MnO^] = 2xlO""'^ moldm~^ , [SDS] = Nil. 
RUN NO. 4; TEMP = 30°, [w] = 0.04 moldm"^, [H'*'] = 0.10 moldm"^, 
\x = 0.20 moldm"^, [MnO^] = 2xl0~^moldm~^, [SD3] = N i l . 
RUN NO. 5; TEMP = 30° , [w] = 0 .08 moldm"^, [H"*"] = 0.10 moldm"^, 
H = 0.20 moldm"^, [MnO^] = 2xl0""'^moldm~^, [SDS] = N i l . 
A l l t h e r a t e c o n s t a n t s a r e t h e average of a t l e a s t two 
i d e n t i c a l r a n s . 
Ef fec t of t he [H"^] on the Observed Rate Constant (k„) 
RUN NO. 6 to 9; TEMP = 30° , [W] = 0.02 moldm"^, [H"^] = 0 .05 , 0.10 
0.15 and 0.20 moldm""^ , ^ = 0.20 moldm"^, 
[MnO^j = 2x10""^  moldm'^, [SDS] = Nil. 
All the rate constants are the average of atleast two 
identical runs. 
352 
Effec t of Temperature on the Observed Rate Constant (k,,) 
RUN MO.10 t o 12; TEMP = 25° , [W] = 0 .02 , 0 .04 and 0 .08 moldm"^, 
[H"^] = 0.2 moldm"^, \x = 0 .20 moldm"^, 
[MnO^] = 2x10"^ moldm"^, [SDS] = N i l . 
RUN NO.13 t o 15; TEMP = 30° , [W] = 0 .02 , 0 .04 and 0 .08 moldm"^, 
[H"^] = 0.20 moldm"^, ^ = 0.20 moldm"^, 
[MnO^] = 2x10"^ moldm"^, [SDS] = N i l . 
RUN NO.16 to 18; TEMP = 35°, [W] = 0.02, 0.04 and 0.08 moldm"^, 
[H"^] = 0.20 moldm~^, \i = 0.20 moldm'^, 
[MnO^] = 2x10""^  moldm"^, [SDS] = Nil. 
Activation parameters are evaluated using linear least 
square technique. The results are computed by using FORTRAN 
VAX-11/780. All the rate constants are the average of atleast 
two identical runs. 
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OXIDATION OF TRYPTOPHAN IJT THB PRESENCE OF SDS 
Effec t of the Concent ra t ion of TryTDtophan on t h e Ohserved Rate 
Constant (k„) 
HUN NO. 19; TEMP = 30° , [W] = 0 .01 moldm"^, LH"*"] = 0.10 moldm"^, 
H = 0.20 moldm"^, [MnO^] = 2x10"^ moldm"^, 
[SDSJ = 0 . 0 1 moldm"^. 
RUN NO.20; TEMP = 30° , [W] = 0 . 0 2 moldm"^, [H"^] = 0 . 1 0 moldm'"^, 
|i = 0.20 moldm"^, [MnOT] = 2xl0"^ moldm"-^, 
[SDS J = 0 .01 moldm"^. 
RUN NO.21; TEMP = 30° , [W] = 0.03 moldm"^, [H"^] = 0.10 moldm"^, 
i^ = 0.20 moldm""^, LMnO~] = 2x10""^ moldm"^, 
[SDS J = 0 .01 moldm'"^. 
RUN NO.22; TEMP = 30° , [w] = 0 . 0 4 moldm"^, [R^] = 0 .10 moldm~^, 
\i = 0.20 moldm"-^, [MnOT] = 2x10"^ moldm"^, 
[SDS J = 0 . 0 1 moldm""^. 
RUN NO.23; TEMP = 30° , [W] = 0 . 0 6 moldm"*^, [H"^] = 0 .10 moldm"^, 
[MnO^] = 2x10"'^ moldm""^, ^ = 0.20 moldm"^, 
[SDS] = 0 .01 moldm"^. 
A l l t he r a t e c o n s t a n t s a re t h e average of a t l e a s t two 
i d e n t i c a l r u n s . 
385 
Effec t of t h e [H"*"] on the Observed Rate Constant (k„) 
RUN NO.24 to 27; TEMP = 30° , [W] = 0.02 moldm"^, [H"**] = 0 . 0 5 , 
-3 -3 
0 .10 , 0.15 and 0.20 moldm , \i = 0.20 moldm ^, 
[MnO^J = 2x10"^ moldm"^, [SDS] = 0 . 0 1 moldm"^. 
A l l the r a t e c o n s t a n t s a r e the aveT*age of a t l e a s t two 
i d e n t i c a l r u n s . 
Ef fec t of Temperature on the Observed Rate Constant (k,,) 
Rm NO.28 t o 30; TEMP = 25° , [W] = 0 . 0 2 , 0.04 and 0 .08 moldm"^, 
[H"*"] = 0.20 moldm"^, ^ = 0.20 moldm"^, 
[MnOT] = 2x10"^ moldm"'^, [SDS] = 0 .01 moldm~^. 
RUN NO.31 t o 33 ; TEMP = 30° , [wj = 0 . 0 2 , 0.04 and 0 .08 moldm"-^, 
[H"^] = 0.20 moldm"^, \i = 0.20 moldm"^, 
[MnOT] = 2x10"""^ moldm"-^, [SDS] = 0 .01 moldm"^. 
RUN NO.34 to 36; TEMP = 35° , [W] = 0 .02 , 0.04 and 0 .08 moldm~^, 
[H"^] = 0.20 moldm"-^, \i = 0.20 moldm"^, 
[MnO^] = 2x10""^ moldm"^, [SDS] = 0 .01 moldm"^. 
A c t i v a t i o n parameters a re eva lua ted u s ing l i n e a r l e a s t 
square t e c h n i q u e . The r e s u l t s a r e computed by us ing FORTRAN 
VAX-11/780. Al l t he r a t e c o n s t a n t s a r e t h e average of a t l e a s t 
two i d e n t i c a l r u n s . 
386 
Effec t of t h e Concen t ra t ion of SD3 on the Rate Constant (k^) 
RUN HO.37 t o 39; TEMP = 30° , [w] = 0.02 moldm"^, [H"^] = 0 .10 moldm"^, 
\x = 0 .20 moldm"^, [MnO^] = 2x10"^ moldm"^, 
[SDS] = 0 . 0 1 , 0.02 and 0.03 moldm"^. 
A l l t h e r a t e c o n s t a n t s are the average of a t l e a s t two 
i d e n t i c a l mins. 
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EESULTS AND DISCUSSION : OXIDATION OF ISOLEUCINE 
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The following abridged symbols have been used in the text. 
My >^ O-MnO^ 
HMr, >^ HO-MnO y >>^  tiv-i^nu-z 
f^T^total = - > ^7 + ^^ 
HMg >^ H0-Mn(0)20 
HMg ==> 0-Mn(0)20H 
E^K^ ^ (H0)2-Mn(0)2 
H2M5 = = > ^-^^( OH) 2 
H^M^ = = > (HO)5-MnO 
HjM~ ^ O-MnCOH)^ 
H4M4 : > Mn(0H)4=^Mn^"*" or Mn(IV) 
^4 = = > t^^(^^)^ total 
M, : > Mn^ '*' or Mn(III) 
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I o r ICOOH or R-j-QOOH = ^ I s o l e u c i n e 
I'^ 'COOH or R-HCOOH p> P ro tona ted I s o l e u c i n e 
^ R 
-k 
i^ooiS :=> R-f^OOO 
r 
- > R 
I H : > R-j-H J' 
(Amine) 
linrj)OOOE Z > S - CODE 
y|rO~MnO-
I(»fg)GOOH z:>R-
A" 
GOOH 
0 ^ \ 
R ;^  >-GH-QHg-aH^ 
i 
(SDS) m m i c e l l e s 
SDS P-pm ^ pramicellar aggregate of the 
surfactant 
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A: Observed Kinetic Features in the Absence of SD3 
It has been observed that the plot between A vs time 
increases initially at low and moderate concentrations of 
525 isoleucine (Fig. 1). A"[ , however, gives a shoulder for a 
significant duration since the absorbance at 525 nm does not 
525 
change, we call this period as t^  (Fig. 2). Therefore, Ai^^'^ 
C CO J7 
525 
or A could not be used for the calculation of disappearance 
of Mn(VII). However, the behaviour of A vs time shows that 
Mn(lV) is appearing as a stable reaction product. We understand 
that the reaction involves two parallel reactions. One of these 
reaction path produces Mn(III) as an intermediate which finally, 
leads to the formation of Mn(ll). The general rate expression 
on the basis of which various kinetic parameters have been 
evaluated was obtained as under. For total permanganate concen-
tration at any time, we can write, 
[Mn(VII)]^Q^^-L = [Mn(VII)] + [Mn(lII)] + [Mn(VI) ] 
where [Mn(VII) ]o^  + -, i s the concentration of permanganate a t the 
s t a r t of the reac t ion and Mn(VII), Mn(I7) and Mn(III) are the 
concentrat ions a t t ime( t ) r e spec t ive ly . From the above we can 
wri te a s , 
d[Mn(VII)] d[Mn(IIl)] d[Mn(lII)] d[]yin(IV)] 
dt dt ^ dt ^ dt •" 
d[Mn(IV)] 
dt ^ 
383 
(S2S)sq<>v 
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The above expression may be simplified at high concentration 
of isoleucine by assuming that, 
d[Mn(III)] d[Mn(III)] 
( )f - ( ),4 = 0 
dt ^ dt ^ 
525^  
because the plot between A;,^  vs time does not show any shoulder 
cor 
in the initial stages but gives rather a normal exponential decay 
curve for Mn(VII). The second simplification which can be intro-
duced is that 
d[Mn(IV)] ^ d[Mn(IV)] 
( )d<( )f 
dt ^ dt ^ 
I t i s evident from the nature of the decay of Mn(lV) a f t e r 
the maxima which remains more or l e s s unaffected a t d i f fe ren t 
i soleucine concentrations and i s very slow. Introducing these 
two s impl i f i ca t ions we can obtain , 
d[Mn(VII)] d[Mn(IY)] 
= ( ) == k^CMnCVII)] 
dt dt ' 
525 krj has been ca lcu la ted , i f and when poss ib le , using A i.. But 
A , which i s a measure of [Mn(IV)], can be used in the f i r s t 
order in tegra ted equation to evaluate the r a t e cons tant , k . . 
Assuming tha t a constant f rac t ion of Mn(VII) i s reduced t o 
Mn(IV") a t any time^ 
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[Mn(7II)] . - [Mn(VIl)] 
2 ^ [Mn(IV)] 
a 
d[Mn(IV)] 
= k^ [Mn(VII)] 
= k | j[Mn(VIl) ]Q-a[Mn(IV) ]> 
d[Mn(IV)] 
= k' dt ([Mn(VII)]Q-a[Mn(IV)]) ^ 
i ln( [Mn(VII)]Q - a[Mn(lV)]) = k' t + constant, 
Put t ing [Mn(IV)] = 0, a t t = 0. 
- i ln[Mn(VIl)]^ = constant 
i ln[Mn(VII)]Q - i ln([Mn(VII)]Q - a[Mn(IV)]) = k^ t 
ln([Mn(YIl)]Q/[Mn(VII)]Q - a[Mn(IY)]) = ak^ t (1) 
Assuming tha t overa l l a constant f r ac t ion of Mn(VII) i s converted 
to Mn(lV). 
[Mn(VII)]^ 
a tM^^I^^W. (2) 
and putting the value of [Mn(VII)]^ in equation 1, we get 
ln([Mn(IV)]^^y[Mn(IT)]^^_ - [Mn(IT)]) = kj t 
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Equation (3) has been used to calculate k!. Even at low amino 
acid concentrations the rate of formation of Mn(IV) can be used 
as a kinetic measure of disappearance of Mn(VII). Assuming 
that the rate of decomposition of Mn(lII) is insignificant, 
r drMn(III)l-| ^ 
L dt M ^ 
As the rate of decomposition of Mn(lII) becomes very low 
at low concentration of amino acid this results in the built up 
of the concentration of Mn(III) in the reaction medium. But 
d[Mn(VIl)] d[Mn(III)] d[Mn(IV)] 
= ( )f + ( )f 
dt dt dt 
holds. 
It is quite likely that the formation of Mn(lV) is taking 
place simultaneously by two steps. Perhaps, from one of these 
steps Mn(IV) and Mn(III) both are produced by the same transient 
species of Mn(VII) such as Mn(VI) and/or Mn(V). Prom the second 
path it appears that the transient species is reacting with 
amino acid leading to the formation of Mn(IY) only. This would 
explain the fact that tg is observed only at low amino acid 
concentrations. 
If we assume that Mn(IY) and Mn(III) are formed from the 
two parallel reactions then the relative ratio of their concen-
trations will depend upon the rate constants k, and k. leading 
387 
to the formation of Mn(III) and Mn(IV) respectively we can write, 
k^ = k^ + k^  (4) 
If the ratio of the rates of formation of Mn(IV) and Mn(lll) 
is maintained in a particular run then, 
k^  = ak^ 
putting the value of k, in equation (4) 
k^ = (1 + a)k^ 
Therefore, even at low concentrations of amino acid, equation (3) 
may be used. 
It is evident that Mn(lII) does appear as a reaction 
intermediate and is finally reduced to Mn(II). But Mn(IV) 
appears as a reaction end product with a very slow reduction 
rate. Since A starts rising without showing any induction 
period, it is perhaps safe to assume that manganese species 
such as Mn(VI) and Mn(V), if formed, are rapidly consumed. A 
19 
similar assumption has also been made by Perezes . Since t 
goes on decreasing as concentration of isoleucine is changed from 
0.02 to 0.08 ttoldm -^  it indicates that the reduction rate of 
Mn(III) increases with the concentration of isoleucine. 
Thus the fate of Mn(VII) during the course of the reaction 
may be represented as, 
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Mn—5 + I^COOH 
K -,, fast 
Mn—0—ICOOH: 
6" 
0 
Mn—0—IGOOH 
[Mn(VI)]^ + I'^ GOOH ^^^^ ) Mn(V) 
IGOOH 
Mn 2+ 
Mn(IV) 
v.slow 
Mn(ll) 
•» Mn(IIl) + Mn(lV) 
IGOOH 
Mn( II) 
The assumption that Mn(VII) and amino acid form an acid-base 
complex leading to the formation of Mn(VI) complex, is supported 
by the fact that a sudden decrease in the absorbance at 525 nm 
is observed within the first minute from the start of the reaction. 
525 Therefore, we suggest that the absorbance at equilibrium (A^ ) 
may be calculated by the following procedure 
0 _ e (complex) 
= K^[IG00H] 
A 
o e, 
525 
389 
525 ,525 
AQ = K ^^ + K-L[ICOOH]Q) 
^e 
525 ^o 
(1 + K^[IOOOH]Q) 
Taking an average value of K-, as 3.7, we have calculated 
the values of A^^^ at different [ICOOHJQ,which matches fairly 
well with the observed values (Vide Table 1). 
Table - 1 : Calculation of A^^^ 
e 
[iCOOHj^moldm"^ ^^'^{o'hsen^edi) k^^"^{QB±(s\xLaAiedi) 
0.02 0.47 0.465 
0.03 0.45 0.450 
0.04 0.44 0.435 
0.06 0.41 0.41 
0.08 0.38 0.385 
Temp. = 30°; [H"^] = 0.01 moldm ^; n = 0.20 moldm""-^ ; 
[MnOj] = 2x10"^ moldm"^; [SDS] = Nil. 
Therefore, we believe that protonated amino acid is 
involved in the complex formation, perhaps as an acid-base 
equilibrium leading subsequently to an inner-electron transfer. 
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Using equation (3) it is found that the reaction is first 
order with respect to the concentration of permanganate, obeying 
^4 ^ i l^t\ax./(\ax. ' ^ ^ ^ 2 0 ' 
The observed rate constant k. is found to be a function of 
the concentrations of isoleucine and hydrogen ion as shown in 
Table 2 and 5. 
Table - 2 : Dependence of observed rate constant (k.) on the 
[IGOOH] in the absence of SDS 
[lC00H]moldm-5 \ax. ^^~\eo^.^^^^'> ^obs^"^ 
0.02 
0.03 
0.04 
0.06 
0.08 
0.27 
0.31 
0.31 
0.35 
0.26 
99 
99 
75 
63 
36 
4.6x10""^ 
6.0x10"^ 
7.3x10""^ 
8.3xl0~'^ 
10.0x10"^ 
•"•^. riur-~A""n __ o-o-T rt—T- _,-»TJ_,""^ , Temp. = 30°; [H"^] = 0.10 moldm"^; [MnO^] = 2x10"^ moldm"^; 
H = 0.20 moldm""^; [SDS] = Nil. 
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Table - 3 : Dependence of observed rate constant (k^) on the 
[H"*'] in the absence of SDS 
[H'*']moldm"^ 
0.05 
0 .10 
0.15 
0 .20 
max. 
0.45 
0 .31 
0.36 
0.34 
10" max. 
45 
75 
81 
90 
( s e c ) 
^obs^ 
8.3x10""^ 
7.3x10'"^ 
5.3x10"'^ 
4.1x10""^ 
Temp. = 30°; [ICOOH] = 0.04 moldm"^; \i = 0.20 moldm"^; 
-^4 -3. [MnO^] = 2xlO~^ moldm"-^ ; [SDS] = Nil. 
The plot between 1/k. vs l/[lCOOH] is linear giving a positive 
intercept whereas the plot between l/k^ vs [H"*"] is also linear 
with a positive intercept vide Pigs. (5 and 6). Combining these 
two observations, the observed rate expression may be written as, 
d[Mn(IV)] [ICOOH] 
= -_. [Mn(VIl)]. .^ T 
dt a[lCOOH] + b[H+] * ° * ^ 
The obsrved rate expression can be explained on the basis 
of the mechanism outlined below. It has been assumed that the 
first step involves formation of acid-base complex with My and 
protonated amino acid as proposed in equilibrium (1) and (2). 
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2500 
2000 h 
l o 
X 
1500 h 
1000 h 
500 h 
l / kA= 650 * 32/CICOOH3 
0 ± 
0 10 20 30 ^0 
.-3 
50 
Figure 5 
l/CICOOH3moldm 
Plot of 1/k^ vs 1/CICOOH] in the absence of SDS 
Temp-=30°C. CH*3 = 0-10moldm-3. iJ = 0-20moldrTr . 
C MnO; J = 2 X 10"^moldm"^. t SDSl = nil 
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I 
2500 -
2000 
"^ 1500 -
1000 -
500 -
0 
1/k^ = 850 •7040CH*] 
0 0-05 0-10 0-15 0-20 
C H* ]moldm 
Figure 6 Plot of 1 / k^ vs. [ H* ] rn the absence of SDS 
Temp. = 30°C , CICOOH J = OOAmoldm"'^ 
p=0-20moldm"^ CMnO^D = 2X10~^moldm~^, 
CSDS3 = nil 
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Since there is a sudden change in the absorbance at 525 nm we 
have assumed that Mn(VII) is in equilibrium with Mn(VI) radical. 
It is this radical which initiates subsequent degradation of 
amino acid. Furthermore, as soon as the free radical (II) is 
formed it rapidly leads to the reduction of Mn(VI) to different 
oxidation states. As soon as the Mn(V)j species (lll)jis formed 
it is rapidly converted to Mn(IV) by two alternative routes. One 
of which involves the formation of Mn(lII) which is also independent 
of the concentration of amino acid. Therefore, it is quite likely 
that at low amino acid concentration route (b) may dominate over 
route (a) and Mn(III) is built up in the reaction medium, showing 
t . Therefore, the most probable mechanism vdiich explains the 
kinetic parameters aind related obseirvations is given as under; 
B: Mechanism 
I'^cooH + M: 
I'^ COOH + HM^ 
I(M^)GOOH 
I(]^g)GOOH 
l(HMg)COO* 
f(HMg) + I'^ GOOH 
K-, , fast 
K' 
fast 
slow 
k 
fast 
fast 
-^  
-^  
— • 
l(My)COOH 
(I) 
I(M^)C00H + H"^  
(I) 
I(M*g)GOOH • 
l(HMg)GO(J 
(II) 
f(HMg) + CO2 
IH(HM^) + I"^G0(T 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
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IH(HMg) + rCOOH > JEiE^K^) + rCOO (7) 
( H I ) 
Route a 
IH(H2M5) + rCOOH » IHCH^M^) + I'^ GOCf (8a) 
( I I I ) 
T Q O "H 
IH(H^M^) + H"^  » rt + H^M^ (9a) 
. - f a s t ^ 
rcoo » r + CO2 (loa) 
n [ f + I'^ COOH - ^ 2 ^ i+H + I"^G0(? 
I+COO' ^^^'^> I^ + CO2] CYCLIC CHAIN REACTION 
2f^ + H2O - ^ 2 ^ i+H + RCHO + NH;J (11a) 
Route b 
IH(H2M5) + H"^  ^^^^ > 1 % + H5M5 (8b) 
( I I I ) 
H5M5 + Mn^ "^  + H"^  -iMl^ Mn^ "^  + Mn(IV) (9b) 
(See Ref.5 f o r M5 
and Mn^ "^  i n t e r a c t i o n ) 
Mn^ "^  + r + H2O - ^ ^ ^ ^ RCHO + NH;J + Mn^ "^  + H"^  (10b) 
(See Ref .7 t o 14 f o r 
C r a d i c a l and Meta l 
i on i n t e r a c t i o n ) 
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0: Derived r a t e exp res s ion 
K fast; 
M:^  + l"^ COOH y ^ l(M^)COOH ^ ^ l(lfg)COOH (1) 
I'*'G00H + HM„ ^ ' -. I(M„)C00H + H"*" (2) 
,5 
I(M7)C00H 3iow > + (3) 
where, 
[I(M7)C00H] 
K = — — t (4) 
^ [I"^COOH][M:^] 
[l(M^)COOH][H"^] 
K- = i (5) 
[ r COOH][M:J] 
d[Mn(VII)] . . , 
d t ^ ^ = l^i[l(M7)C00H] (6) 
For [l(M,7)aOOH], we know 
[Mn(VII)]^Q^^^ = [M:^] + [HM^] + [l{Krj)GOOE] (7) 
[l{}irj)OOOE] [ I ( M 7 ) C 0 0 H ] [ H " ^ ] 
= -—--1 = f + [I(M7)C00H] (8) 
[rCOOH]K-j^ [rGOOH]K' ' 
[I(M7)C00H] [H"^] . 
^ U. ( i / K + + [I+COOH]) (9) 
[rCOOH] -^  K' 
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[l(M^)GOOH] K' + K J H " ^ ] + KTZ'CH"^] 
= — - - I ( i i ) (10) 
[I^COOH] K-LZ' 
[KM^jCOOH] = [Mn(VII)] . . -,[l-*-COOH] . ., "^  - • ( H ) 
I t o t a l K ' + K 3 _ [ H ^ J + K 3 _ K ' [ I ^ C 0 0 H ] 
There fo re , 
d [Mn(VII ) ] . . , k, . 
I 2 i a l ^ 1 K,K'[l'^COOH][Mn(VII ) ! . „ , , 
(12) 
assuming t h a t i s o l e u c i n e i s complete ly p ro tona ted 
= K.z' rr;—S r f^coo^^of^^^^^^^^totai ^^5) 
^ Z ' + Z 3 _ [ H ^ ] + Z 3 _ Z ' [ I C O O H ] Q ° ^°^^-^ 
g i v i n g , 
k, = ^ r - i 2 (14) 
^ Z ' + Z - L [ H ' ^ ] + Z ^ Z ' [ I O O O H ] Q 
or 
1/k. = i + 1/k-. (15) 
ZiZ'ki[lCOOH]^ 
a t cons t an t [H ] , we can w r i t e . 
k , 
1/k, = ^ + 1/k, (16) 
^ [ICOOH]^ 
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where, 
kp = —^ (17) 
The equation (l6) is verified from the plot between l/k^ vs 
1/[I000H] and the observed parameters of straight line are, 
1/k^ = 650 + 52/[ICOOH]Q 
Similarly, at constant [ICOOH], the equation (15) can be 
written as. 
1/k. = ^ + 1/k, + - J ^ [H+] 
l/k^ = k"! + k^ [H"^ ] 
The above equation has been verified from the plot between 
l/k. vs [H"*"] and the equation of the straight line is, 
l/k^ = 850 + 7040 [H"^]. 
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D: Structural Mechanism and Further Explanation 
Using the graphics that a cross '• •• represents 'C and 
other intersections trivalent and pentavalent 'N', we can write 
as under: 
R COOH + 0-Mn 
R 
/K 
COOH + HO-Mn 
0 0 
R COOH fast 
/IT 0-Mn ^ 
0 
0 ^0 
K^,fast 
£• COOH 
0 
// 
*- 0-Mn 
(I) 
K' R' COOH 
^ 
0 
/|r-0-Mn 
0^ 0 
(I) 
R COOH 
/|r O-Mn / 
.5 
0^ 0 
( I I ) 
+ H 
The complex (I) is a simple acid-base complex. Complex (II) shows 
that the oxidation state of manganese has changed from +7 to +6. 
Our assumption that complex (II) should be a fast equilibrium 
originates from the established observation in kinetics that a 
slow equilibrium cannot survive if it is followed by a fast step. 
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However, i n view of t h e g e n e r a l s t a b i l i t y of Mn(VII) . This 
could appear r a t h e r a weak arguement tout t h e p o s s i t o i l i t y of 
resonance e f f e c t may a c t u a l l y favour t h e s t a b i l i s a t i o n of 
complex ( I I ) . 
H COOH . <r 
0 
/ 
0-Mn r > / ,v 
• ^ R •COOH 
0 
0 0 
COOH 
0 
0-Mn 
( I I ) ( I I ) ( I I ) 
Complex ( I I ) then i n i t i a t e s t h e o x i d a t i o n of i s o l e u c i n e , 
•COOH , 
/ .0 
slow 
/ ^ - M n 
0 0 
H- •COO 
OH 
/ 
0^ 0 
(See Ref.4 f o r CO(f r a d i c a l 
and Ref.30 fo r i n t r a m o l e -
c u l a r e l e c t r o n t r a n s f e r 
invo lv ing Mn(VII)) 
( I I ) ( I I I ) 
R- COO 
/ 
OH 
0-Mn 
0 ^0 
/T// ,\ 
fast 
• ^ R -
k 
OH 
•0-Mn 
C^ 0 
+ COp (See Ref .6 , 9 and 12 
f o r C*rad ica l and 
CO,) 
( I I I ) (IV) 
H - | . + R-
OH 
>|rO-Mn / 
0 0 
(IV) 
A 
COOH f a s t R- •H + R-
OH 
It— 0-Mn' 
0' 
(IV) 
-coc? 
A' 
0 
(X) 
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The radical (ill) may initiate decarboxylation of amino acid 
by a free radical path. The complex (IV) may lead to the 
reduction of Mn(VI) to Mn(V), by reacting with amino acid 
therefore, the step (7) is probably fast. 
R-hH 
OH 
/|V^O-Mn^ 
0^ 0 
(IV) 
+ R—COOH fast 
A 
R — H + R-
/r--0-MnO(OH)2 
(V) 
•GOO 
k 
We have already argued that on the basis of our observations 
(absorbance pattern at 525 nm and 420 nm with time) that any 
intermediate involving Mn(VI) and Mn(Y) does not survive ^. 
The complex (V) may have two different routes: 
Route a 
i i — H + R-f-GOOH ^^^^ > R-
yr-0-MnO(OH)2 
(V) 
A^  
H + R-
^0-Mn(0H)5 
GOO 
A* 
R- •H 
+ H"^  fast 
/tr O-Mn(OH). 
•^  R 4 - H + Mn(0H)4 
A* 
R-
A 
-GOO* fast ^ R— • + CO, 
A 
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n 
R- •COOH fast » R-
A^  A 
-H + E-
H-t-OOO* ^^ "^"^  > H—!• + 00, 
/K kC 
COO 
A* 
Cyclic Chain 
Reaction 
2 R-
A 
+ H2O 
and/or 
Route b 
^^ "^^ > R-|-H + RGHO + NH^ (See Ref. 20 and 
/ \ * 
(amine) 
21 for amine and 
Ref.2 for aldebyde 
and ammonium) 
•H 
+ JJ+ tas-t ^ j^ . 
yj^0-Mn0(0H)2 
(V) 
-H + MnO(OH). 
A* 
(amine) 
MnOCOH)^ + Mn^"^ + H"*" ^^^^ > Mn^^' + Mn(lV) 
(See Ref.5 for M5 and Mn' 
interaction) 
2+ 
d— • + Mn^"^ + H2O 
A^  
-» RGHO + NHJ + Mn^ "^  + H"*" 
(See Ref3. 7 to 14 for G* 
radical and Metal ion 
interaction) 
We have heen able to identify the presence of M . and aldehyde 
by their usual tests, but the presence of amine was identified 
by IR spectra. 
In spite of best of efforts most of these products and unreac-
ted amino acid could not be quantitatively determined, except GOp. 
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COp was measured over 10^ ^2^'^A °°-'-^ '^ ^ using various 
interceptors to establish that only CO2 was evolved. Over 
KOH, as COp was expected to be dissolved, no gas could be 
detected. Pyrogallol, had no effect on mount of gas evolved 
ruling out the possibility of oxygen. As it has been discussed 
under experimental procedure, 10 moles of GO2 were evolved per 
mole of MnOT and 10 mole of amino acid (unreacted amino acid 
was estimated by COp evolved in Ninhydrin test) were consumed 
per mole of MnOT. This clearly ruled out the subsequent degra-
dation of amino acid oxidation product such as aldehyde, and 
established the fact that amino acid was the direct source of 
GO2. The free radical l"'"COd, may rapidly decompose to give 
R- -GOO Br 
k A 
• + 
+ 
CO, (See Ret, 6,9 and 22 for 
C*radical and GO2) 
The free radical l"*", may initiate a cyclic chain reaction. 
£--• R-
/tC 
•aooE -> a — 
A* A^  
H + R-f-COO (See Refs. 20, 21 for 
A+ amine and 4 for COO* 
/'\ radical) 
(amine) 
R- COO* » R—• + CO, 
A* A 
This appears to be the major reaction path for the consumption 
of amino acid and production of CO2. The free radical I is 
removed from the following step. 
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2 R— • +H2O 
/K 
> R H + ECHO + m] 
M 
(See Ref. 2 for aldehyde 
and ammoniiun and 20 for 
amine). 
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Al : Observed Kinetic Features in the Presence of 3D3 
525 When we plot A vs time for the runs in which SDS is also 
present, we find that the absorhance at 52§ nm goes on decreasing 
with time right from the commencement of the reaction, there is 
no t . However, the absorbance at 420 nm attains a maxima and 
c 
the value of the maximum absorbance depends upon the concentration 
of amino acid used. The maximum absorbance ranges from 0.26 to 
1.0. This may be assigned to the difference in absorption 
co-efficient due to varying size of colloidal Mn(lV) in different 
runs and large scattering effect at shorter wavelength (Rayleigh's 
law : A = C/\ ) . We know that the absorbance at 525 nm may 
arise from the presence of Mn(YII), Mn(III) and Mn(IV). Assuming 
that Mn(III), Mn(V) and Mn(VI) are rapidly consumed then only 
525 Mn(VII) and Mn(IV) absorb at 525 nm. k\^jL could not be calculated 
cor 
with certainity. We find that A^^ and A? ^ does not bear a 
constant ratio at different amino acid concentration. 
On comparing stoichiometry and other kinetic features of. 
the oxidation of isoleucine in the presence of surfactant with 
the parameters observed without surfactant it is apparent that 
the reaction should follow a different mechanism. The observed 
rate expression in the presence of surfactant is, 
d[Mn(VII)]. , -, d[Mn(lY)] 
dt = - ^ t = n^^^0^^^otMn(VII)],,,^l 
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I 
I, 
X 
100 -
K^ = 0011CICOOH3 
0 0-02 0-04 0-06 0-08 
CICOOHD 
Figure 7 Plot of K^ vs-tlCOOHDin the 
presence of SDS 
Temp.= 30°C. [H*] =0-10moldrTr , 
_-; - - 4 
^ = 0-20moldm,CMn04 3 = 2X10 
moldm"^, CSDSJ= OOlmoldm"^ 
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giving, 
^4 = 1/* l^tVax/(^max-^t)3420 
The plot between k. vs [ICOOH] is linear indicating a 
first order dependence on [lOOOH] (Vide Table 4 and Fig. 7). 
Table - 4 : Dependence of the obseirved rate constant (k.) on 
the concentration of Isoleucine in the presence 
of SDS 
[ICOOH ]moldm" 
0.02 
0.03 
0.04 
0.06 
0.08 
-3 A 
max. 
1.00 
0.64 
0.44 
0.35 
0.27 
10" 
max. 
36 
63 
75 
90 
126 
(sec) 
^obs^""" 
2.1x10"^ 
2.6x10"'^  
4.5x10""^  
6.6x10"^ 
9.1x10'^ 
Temp. = 30°, [H"*"] = 0.10 moldm"^, n = 0.20 moldm"^, 
[MnOT] = 2x10'"^  moldm"^, [SDS] = 0.01 moldm""^ . 
Effect of Surfactant (SDS) 
In the premicellar condition, \dien [SDS]<:^cnic, there is a 
retarding effect on the reaction rate. Vfhen the concentration 
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of s u r f a c t a n t i s i nc r ea sed beyond cmc, the r a t e cons tan t ( k . ) of 
the r e a c t i o n becomes p r o p o r t i o n a l t o the c o n c e n t r a t i o n of t h e 
s u r f a c t a n t . I t i s observed t h a t t he r a t e of t h e r e a c t i o n becomes 
even g r e a t e r than t h e one observed i n t h e absence of s u r f a c t a n t , 
a t [ S D S ] ^ 3 cmc (Vide Table 5 ) . 
Table - 5 : Dependence of observed r a t e cons t an t (k^) on the [SDS] 
[SDS]moldm-5 A ^ ^ , ^0'\^{ sec) k ^ ^ ^ s ' ^ 
0 .01 0.44 75 3.6x10"^ 
0.02 0.39 54 6.3x10"^ 
0.03 0.35 36 11.3x10""^ 
0.04 0.30 27 14.1x10*"^ 
Temp. = 30°, [IGOOH] = 0.04 moldm"^, [H"*"] = 0.10 moldm"^, 
[MnOT] = 2x10""^  moldm"^, \i = 0.20 moldm"^. 
The effect of hydrogen ion is also very different in the 
presence of surfactant, the rate constant does not change with 
hydrogen ion concentration (Vide Table 6). 
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Table - 6 : Dependence of Observed Rate Constant ( k . ) on t h e 
[H"*"] i n the Presence of 3DS 
[H"*"]moldm -5 
max. 10 ' ' *max . (^«=) obs 
-1 
0.05 
0.10 
0.15 
0.20 
0 .38 
0.44 
0.53 
0.60 
75 
75 
90 
99 
4.4x10 
4.5x10 
-4 
-4 
4.5x10 -4 
4.4x10 
Temp. = 30° ; [ICOOH] = 0.04 moldm"^, \i = 0.20 moldm""^, 
[MnO~] = 2xl0~^, [SDS] = 0.01 moldm"^. 
This f a c t may, however, be accomodated i f we assume t h a t 
t h e amino acid-SDS complex i n t e r a c t s with HMnO.(HM,,) i n t h e r a t e 
de te rmin ing s t e p . I f we in t roduce a s l i g h t m o d i f i c a t i o n i n the 
scheme proposed f o r the o x i d a t i o n of i s o l e u c i n e i n t h e absence 
of SDS, we can e x p l a i n o t h e r observed d e v i a t i o n s . We assume, 
t h a t t he complex formed between p ro tona ted amino ac id and t h e 
n e g e t i v e l y charged monomer, dimer, or any p r e m i c e l l a r agg rega te s 
of t h e s u r f a c t a n t , produce u n r e a c t i v e s p e c i e s . 
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Bl : Mechanism 
I"^ C00H + (SDS)^" ^ ^°^v, I(SDS)^°'"^^'"C00H (1) 
( I ) 
I(SDS)^"'"'-'-^ COOH + VLJ 2aL>» I(SDS)^'^"-'-^ COO* + HMg (2) 
( I I ) 
KSDS)^"""-^^ COOH + HM^  1—V I(SDS)^"'"-'-^ COO'+ H2Mg (5) 
( I I ) 
n 
KSDS)!'"-^^' GOO* ^^^^ > IISDS)!"'-^^" + 
( I I I ) 
00, (4) 
I O D S ) ^ " " " ^ ^ " + I"^ C00H £ S ^ IH(SDS)^'°"^^" + l"^ COO* (5) 
IH(SDS)^'°-^^' -^^^ rt + (SDS)^- (6) 
I+COO* - i M l ^ r + C O ^ (7) 
'2 
I"^  + I"^ C00H ^^^^ > I'^ H + I'^ COO* 
Cyclic Chain ileaction 
r+cO(? - ^ M l ^ f+ + CO2 
2 1"^  + H2O - £ ^ ^ rt + RCHO + ra^ (8) 
H2Mg + I"^ COOH + H2O ^^^^ > £CHO + CO2 + NH^  + Mn(IV) (9) 
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01 : Derived Sate Expression 
The r a t e expression for the oxidation of i so leucine in the 
presence of surfactant at [SDS] cmc can be obtained by s teps 
(1) and (3) giving, 
d[Mn(VII)] 
dt 
from equilibrium 1, 
^^^^ = i^rj^i^j] + ^m.j]l [Complex I ] (1) 
Assuming t h a t kr, i s ve ry sma l l , because most of t h e a g g r e g a t e s 
w i l l be n e g e t i v e l y charged. 
d [Mn(7I I ) ] t o t a l 
d t = Kgjjgk^[l"^COOH][HM^][SDS^"] (3) 
knowing, 
[Mn(VIl)]^Q^^^ = [M~] + [HM^] (4) 
and 
[M- + [H''] ^'^ -. [HM^] (5) 
we can w r i t e . 
[Mn(VII)]a.^+„T 
[ H M „ ] = — ^ - ^ ^ (6) 
' 1+1/K^[H"^] 
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Assuming t h a t , 
K7PT[H'"1?>1 (7) 7^H 
which s i g n i f i e s t h a t the concentration of HM,, or HMnO^  does not 
change by much when hydrogen ion concentrat ion i s changed from 
0.05 to 0.20 moldm , equation (6) may be wr i t t en a s , 
d[Mn(VII)] 
dt 
= (1 + a)d[M4]/dt (8) 
= KsDsl^^[lC00H]jMn(YII)]^^^^-L (9) 
= k^LM^] (10) 
obeying. 
H = 1/* l ' ' [ \ i a x A \ a i - A t ) ] 4 2 o . 
This would j u s t i f y our observation tha t the r a t e constant 
does not vary with hydrogen ion concentrat ion i n the presence of 
sur fac tan t and the reac t ion i s f i r s t order with respect t o [MnOT] 
as well as [ICOOH]. Comparing the i n t e r ac t i on of MnOT (My) with 
complex ( I ) and tha t of HMnO^  (HM.^ ) with complex ( I ) , as proposed 
in s teps (2) and ( 3 ) , we are of the opinion tha t s tep (3) i s more 
dominating as compared t o step ( 2 ) . The e lec t ron t r a n s f e r to 
neget ively charged KZ should be l e s s favourable as compared to 
e l ec t ron t r a n s f e r t o HMy. This i s idiy we have re ta ined only s tep 
(3) in the f i n a l mechanism. For the same reason one can argue as 
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why these steps are not included in the reaction mechanism 
proposed for the oxidation of isoleucine without surfactant(SDS). 
We understand that these reaction paths, if present, will be 
insignificant because the transfer of electron from protonated 
amino acid is less favourable and the concentration of free 
amino acid is very low. 
Dl : Structural Mechanism and Further Explanation 
Using the graphics we can explain. 
R- •GOOH + SDS; 
K SDS R-
A* 
-COOH (ID) 
(I) 
The oxidation proceeds by the interaction of permanganate with 
complex (I) giving, 
R- GOOH + Mr 7a 
/l^  (SDS)^ "^-^ "^-
R GOO 
k (SBS)i"^-l)' 
(II) 
+ HMg (2D) 
and/or 
R 4-COOH 
y^ (SDS)^'"-^^-
+ HMy — 2 — ^ R-]-COO* + H2Mg (5D) 
k (SDS)|;^ °^ -^ '^ 
(II) 
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The free radical [ll] is converted to product by the interaction 
of manganese in different oxidation states (Mn'^ "*'). Mn(IV) is 
observed as the reaction end product because the plot between 
InA vs time is found to be linear giving k.. Moreover, the 
525 420 plot between A vs A in the presence of surfactant at 
different amino acid concentration is also found to be linear 
indicating that a constant ratio of Mn(VII) is being converted 
into Mn(IV) (Vide Pigs.3,4).If we assume that Mn(IIl) is formed 
by an independent route then it is rapidly reduced to Mn(II) 
like other manganese species such as Mn(VI) and Mn(Y). The 
concentration of Mn(III) in any case, does not build up in the 
525 
reaction medium as we dont observe any shoulder when A is 
plotted against time. 
In the rate determining step we have assumed that both HMy 
and My may interact with the carboxylic group. The electron 
transfer in the rate determining step (2D) is likely to be much 
slower as compared to (3D). Also, electron transfer from the 
carboxylic group to Mn(VII) is likely to be slower as compared 
to the transfer of electron envisaged in the rate determining 
step of the mechanism proposed for the oxidation of isoleucine 
in the absence of surfactant. 
The free radical II, is subsequently degraded to reaction 
products. 
o 
tn 
d 
. . . , _ . . „ 
o 
6 
I 
O 
d 
O 
CO 
d 
o 
d 
o 
d 
o ^ 
. coo 
d cvj 
d 
0 
L 0 
o 5 
o 
c ) 
KT> 
0 
(\J 
< 
> 
i n 
C\J 
in 
< 
0 
0 
^ 
0 
LL. 
c 
0 
Si 
0 (/) 
«—« 
- 0 
c 
C 
E 
t -
ex 
c 
3 
+-> 
C 
0 
0 
4-> 
0 
e 
0 
d 
9 g II 
- 0 1—1 
d n -N 
I I ' p 
' ^ -5 
1 2 
« 0 '< 
t / ) E fVJ 
Q CD II 
cn 0 r^  
0 LTL 
C • £ 
CO "o 
<L< E 
CL«o rvj 
a, f*^  d 
C ^ "^ 
1-
415 
(SZS) V 
(92S) V 
416 
R- GOO 
( I I ) 
f a s t 
-> Br 
^ ( S D S ) 
( I I I ) 
(m-1) 
+ GOp (See Ref.22 f o r 
C*free r a d i c a l 
and 6 f o r GOCf 
r a d i c a l and COp) 
Rad ica l I I I may i n t e r a c t wi th Mn i n any o x i d a t i o n s t a t e t o g i v e , 
Route a 
R—• + Mn^ "^  + H,0 ^^^^ > RCHO + m t + H"^  + SDSJJ" + 2 4 m 
/Ir(SDS)^''-^^' Mn (n-1) 
(See Refs . 7 t o 14 f o r C* 
r a d i c a l and Metal ion 
i n t e r a c t i o n and 2 f o r 
a ldehyde and NH.) . 
R—• 
„ ^ f a s t ^ „ 
+ H2O ^ R-
/ | ^ ( S D 3 ) ( " - l ' ' 
•OH 
^ ( S D S ) ( - 1 ) " . H -
(IV) 
R— OH ^^^ > RGHO + M 4 + SDS^" 
4 m 
^ (SDS)i"-l'-
(IV) 
or a l t e r n a t i v e l y , 
Route b 
2 R—]• 
/[^•(SDS)^"*-^^' 
„ -. f a s t^ _, 
+ H2O — - - ^ R-
/K 
•H + Jmt + RGHO + SDS^" 4 m 
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The free radical (II) produces GO2 and a carbon free radical 
(III). The free radical (III) is likely to follow two routes. 
The route(a)leads to one electron reduction of manganese in higher 
oxidation states from Mn(VII) to Mn(III) and the resulting inter-
mediate (IV) gives rise to aldehyde and imt. In the oxidation of 
amino acids such type of reactions leading to the formation of 
aldehyde and NH. has been proposed by many workers. 
The free radical (III) is essentially a carbon free radical 
and reacts with water. In large number of studies proposing 
the formation of free radicals such as (III), it has been 
invariably assumed that the subsequent reaction may, also, involve 
reduction of metal ion. If route (a) is the only possible fate of 
free radical (III) then the amount of CO2 produced will be much 
less than the observed value. Alternatively, we postulate a 
route (b) involving interaction of free radical (III) with water. 
Similar reaction path has been proposed by Furlong el al. invol-
ving a nitrogen free radical from radical (III). We, believe 
that the surfactant which has neutralized the positive charge on 
pirotonated amino group plays a crucial role in favouring the 
route (b) as compared to route (a). The intermediate (IV) 
subsequently produces NH. and the aldehyde. In our opinion 
radical (III) is largely consumed by route (b) because only then 
we can explain the stoichiometry of the reaction. The one electron 
reduction of manganese will produce one mole of COp. It is, 
therefore, expected, that five electron reduction of Mn(VII) to 
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Mn(II) will produce 5 moles of GOp as we have observed. Plot 
k. vs [SDS] gives a curve passing through a minima (Vide Fig.8). 
This indicates that the usual micelle catalysis is not applicable 
in this case. If the reaction in the presence of surfactant is 
biphasic that is partly occurring in the reaction medium bulk 
and partly in the hydrophobic micellar phase then one would 
expect that a plot between k- vs [SDS] would give a positive 
intercept signifying the proportion of reaction taking place in 
the bulk. On the other hand the mechanism proposed by us is 
based on the assumption that the amino acid surfactant complex 
is the dominating reaction species. It appears that the amino 
acid surfactant complex formed with some or most of the premicellar 
aggregates produce un~reactive species. This results in sudden 
decrease in the rate constant. However, complexes formed with 
micelles and higher aggregates produce reactive species. The 
role of micelle and higher aggregates is, apparently, to provide 
a negetively charged surface at vdiich the acid-base complex with 
protonated amino acid is easily formed. This process may be 
facilitated by the hydrophobic nature of R-group in isoleucine. 
It has been argued earlier that the oxidation of isoleucine in 
the absence of surfactant produces large amount of COp because 
of cyclic chain reaction involving. 
n 
R-|-cod > R—!• + CO2 
''^ ' \ Cyclic Cihain 
-1 Reaction 
R—!• + R-I-COOH » R-j-H + R-|-CO(? 
119 
U) 
I . 
0 001 0-02 0-03 0-OA 
-3 
CSD5D moldm 
Figures Plot k^ vs L 5D5D 
Temp.= 30°C.ClC00Hl= 0-04 moldm" 
3 -3 
CH*] = 0-10moldm'" , | j=0-20moldm 
LMnO^D =2X10"^moldm"^ 
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The efficiency of this cyclic reaction in the presence of 
surfactant will be hampered because of the fact that carbon 
free radical is bonded to the surfactant aggregate or micelles. 
Vhen the [SDS] ^ cmc we find that the reaction rate constant 
increases linearly with the concentration of surfactant. The 
catalytic effect by the presence of micelles in the reaction 
medium can be explained without introducing any modification in 
the mechanism. The catalytic effect due to the presence of 
micelles does not lead to reaction path proposed for the reaction 
in the absence of surfactant because such an effect would no 
doubt result in the higher oxidation rate but this cannot De 
accepted on the ground that the maximum rate constant observed 
in the presence of surfactant is greater than k (observed rate 
constant in the absence of surfactant). Whereas, we find that 
at [SD3] ^ 4 cmc, the observed rate constant is almost twice k^ . 
Also the mechanism proposed for the oxidation in the absence of 
surfactant predicts a very high stoichiometry for the formation 
of COp (10 moles of GOp/moles of permanganate consumed) as well 
as for the consumption of amino acid. We do not find any noti-
ceable change in the stoichiometry of the reaction at different 
[SDS], which is 5 moles of COp produced per mole of MnOT consujaed. 
We, therefore, believe that the catalytic effect of the surfactant 
at [SDS] Ncmc is, perhaps due to following two factors: 
(a) The hydrophobic character of R in the protonated amino acid 
m 
is responsible for stabilization of the protonated amino acid 
micelle complex and, 
(b) negetively charged micellar surface may weaken the OH bond 
in the carboxylic group, this would facilitate electron transfer 
process from the electron rich carboxylic group to HM^, therefore, 
we expect that the rate determining step which involves the 
interaction of HMnO. with OOOH group will be much faster in the 
presence of micelle. 
We understand that in the presence of micelles the reaction 
involving amino acid and higher premicellar aggregates, as 
suggested earlier, is not excluded but occurs simultaneously. 
However, it is kinetically indistinguishable. 
RESULTS AND DISCUSSION : OXIDATION OF LEUCINE 
m 
The following graphics and abbreviations have been used 
in the text. 
L or LGOOH or R- -COOH = § > Leucine 
A 
L"*" or L'*"COOH or R-
/\* 
COOH ^ protonated Leucine 
L'^ COO or R-j—COO ]> Leucine free radical at carboxylic 
/ + group 
L"^  or RH r > Leucine free r a d i c a l a t carbon 
/ \ ' 
L'*"H or R-k 
•H t = r > Amine 
L"^  = = > iOa-^)2 - OH-CH2 - CHdJH^) 
R £> -OH2 - C!H-(CH5)2 
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A : Observed Kinetic featiires in the Absence of SDS 
525 The significance of the plots between A vs time and 
A vs time have already been discussed. However, there are 
certain basic differences observed when we compare these plots 
with those obtained in the case of Iso-leucine. 
It is well known that the absorbance at 420 nm is a measure 
of Mn(lV) produced during the course of the reaction. During the 
oxidation of leucine the absorbance at 420 hm passes through a 
maxima and the fall in the absorbance after the maxima is relatively 
rapid. The plot between InCA^pn^ ^^ "^ "^^ ^ does not give a straight 
line. This may (not necessarly) be taken to signify that Mn(IV) 
is not an end product of the reaction. The rate of decrease in the 
absorbance at 420 nm is dependent on the concentration of amino 
acid. Under these circumstances we are of the opinion that the 
reaction involves a consecutive reaction mechanism in which Mn(IV) 
525 420 IS appearing as a reaction intermediate. When we plot A vs A 
we do not observe a linear irelationship as we have seen in the case 
of isoleucine. Furthermore, it is observed that the maxima is 
suppressed and appears early as the concentration of amino acid is 
increased or the concentration of hydrogen ion is decreased. 
525 
Significance of the plots between A V3 time 
The plot between A^^^ vs time gives a shoulder. As we know 
the absorbance at 525 nm may arise due to the presence of Mn(VIl), 
424 
Mn(III) and Mn(lV). We have already discussed as how with the 
help of a correction factor (R*) we can estimate the absorbance 
of Mn(IV) at 525 nm. In the latter stages of the reaction it is 
525 420 
observed that the ratio between A and A becomes constant, 
this has been taken as a measure of the absorbance due to Mn(IV) 
at 525 nm using, 
where 
''^obs'^^bs^inf 
525 When we plot A ^ ^ vs time we get an exponential decay curve 
for Mn(7II). Prom the slops of the plot between In A ^ ^ vs time 
k,, has been calculated as pseudo-first oirder rate constant. 
Observed rate expression for the oxidation of leucine without 
surfactant 
(a) Dependence of k,, on [Leucine] 
ky is found to increase with the increase in the concentration 
of leucine and by hit and trial method we find that the dependence 
of k™ on the concentration of leucine follows rather a complicated 
relationship. 
k^ = 7x10'^ [L]^ + 1.5X10""^[L3^ (1) 
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The above r e l a t ionsh ip i s ve r i f i ed from the l i n e a r plot between 
k y [ L ] J vs LLJo^^ vide Pig . 1. The co-ef f ic ien ts of [ L ] J and 
[ L ] have been obtained from the in te rcep t and slope of the l i n e 
thus obtained. The above expression c lear ly i nd ica t e s the 
presence of two p a r a l l e l r eac t ions . 
(b) Dependence of k,, on the concentrat ion of hydrogen ion 
The plot between k„ vs 1 / [ H ] i s l i n e a r and passes through 
the or ig in (Vide Fig . 2) ind ica t ing tha t both the routes involved 
in the reduction of Mn(VIl) are inhib i ted by hydrogen ion concen-
t r a t i o n . The f i n a l observed r a t e expression takes the form, 
d[Mn(7II)]^P^^.^ j 7x l O^[L ] J + 1.5xlO-2[L]2 
dt 
'o •"•" '---'o 
= k^[Mn(TII)]totai 
where, 
7x10"^[L]^ + 1.5xlO~^[L]^ V = 2 ^ 2 (5) 
The presence of two terms in kr, indicates that a parallel 
reaction mechanism is involved for the reduction of Mn(VII). 
The overall mechanism of reduction of Mn(YII) to Mn(II) 
remains unchanged as compared to the one proposed for the 
oxidation of isoleucine. We believe that Mn(VII) is reduced 
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I 
X 
8 
6 
A 
2 
0 
X 
•X 
y/^ % 
y* l<7= 7X10~^LL l ^ ' ^+1 -5 X I O ' CL]^ 
i 1 1 1 1 1 
0 0 01 002 003 OOA 0 0 5 0-06 
CLJ^' moldm""^ 
3/2 
Figure 1 Plot of kn / /YT] vs. CL] ' in the absence of SDS 
Temp.= 30°C. [H*] = 0-10 moldm"'^, {j= 0-20 moldm""^, 
CMnO^3 = 2X10"^moldm" ^, CSDSJ = nil 
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0 
k^= 1-2X10 /CH* . ] 
8 12 16 
1/[H*]moldm"^ 
20 
Figure 2 Plot of k^ vs. 1 / C H * ] in the absence of SDS 
TenDp. = 30°C, CLD = 0-08 mold m~^, p = 0-20 mo Id m" ,^ 
CMnO^D = 2X10 '*moldm~ , CSDSD = nU 
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to Mn(IV) and Mn(II) by two p a r a l l e l reac t ions and, there fore , 
k„ i s made up of r a t e constants k^^ and kp^ s ignifying the two 
paths , a) requir ing p r io r formation of free Mn(IY) before Mn(VII) 
i s reduced t o Mn(II) and b) reduction of Mn(VII) t o Mn(II) without 
formation of Mn(IV). We have already argued thatMn(IV) i s appearing 
here as the reac t ion intermediate and involves a consecutive 
reac t ion mechanism. In general terms a consecutive reac t ion may 
be represented a s , 
A L^ B a_^ C (4) 
giving, 
K = k^/k^ (See Ref.24) 
T = k- X t 
max. X max. 
max. 
Pmax. 
K/i-K 
Where t i s the time of appearance of maxima and P_„^ i s 
max. maA.. 
the r e l a t i v e maximum concentrat ion of the in termedia te , B. 
Applying the above parameters in our case we can wr i te , 
k k 
Mn(VII) H- ^ Mn(IV) - ^ Mn(II) 
Mn(VIl) + - l U t ^ Mn(l I I ) -^^2i^ Mn(ll) 
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A i.e. maximum absorbance at 420 nm is a measure of 
max. 
6 _. If we assume that kr, is a direct measure of the rate 
•^ max { 
constant for the formation of Mn(IV) then we find that the value 
of K i s very low. This would suggest that the rate of formation 
of Mn(IV) is relatively very fast as compared to its decomposition. 
Under these circumstances Mn(l¥) may be treated as end product and 
420 
rate of decrease in A should be much less. Therefore, k., cannot 
be taken as equal to rate constant (k^) for the formation of the 
intermediate in terms of the general mechanism of consecutive 
reaction, i.e. equation (4). We understand that one of the two 
terms involved in the equation (3) must give the rate constant 
signifying the formation of Mn(IV) i.e. k.^ .^ We have made the 
choice exploiting the general, features of any consecutive reaction. 
The shift of maxima on the time scale and its actual value may be 
used to estimate the nature of the rate constant k^ and k^ and 
their relationship on different parameters used for kinetic 
investigations. The figures (IT - 6T) summarize how the appearance 
of maxima and its actual value can indicate the nature of rate 
constants k~ and k,. We find that there are eight cases of 
interest. 
Using the abbreviations, 
1 3> late (appearance of maxima is delayed) 
e >>early (appearance of maxima is early) 
4-30 
/ : _ 
kf Hiqti 
Time 
r-ar.gein rr ana tmax'JS K^ increases FIGZrChange in tr andtmaxas kfincreases 
.atogor>"edst>owing that maxima appears early ( Category "eu'^showinq that maxima appears early and 
nd Its value decreases as k(j IS increased ) i ts value Inecreates as kf is increased ) 
:N. 
kf lov. 
tfyy^ increases 
- - k d H i g h 
kf High 
tmax decreases 
Time 
'-ma' ^'^^•c. ^'"- *" "'^^'•' f-'iG 4T Change in tr and t.fr^axdi k^ j and kfooth 
are increased 
1 Category "es'showing that Jid<im<i jppears earlyand 
. . -• ' n^iM w nr J , Kj am K, io in dir j n i f a i r d ) its value remainjsame at kn and k j both d ana kf both are increased ) 
\ \ 
^-
kd low 
- kf High 
Tme 
T_'rar>9e - iTdnJ tni.ix^'> '^ a ^^t^-^eases and kf 
i::creasfs 
L j t e g o T y s d showin:; <'<niiT\o appea-s i t tne same t ime but 
' ; / a t i ; r 5 j i f c r e a b r i l at Kg '<• l e c i e d i ' - i .lid Kf IS iincreasedJ 
kd High 
rr -
Timf 
FIG.6T Change in ITand tmax<3S k(j increases dfid kf 
decreases 
( Ldteqory 'su'showing that maxima appears at tne -same time „ut 
Its value IS Increased as k^ j is increasedand k^ a decreased' 
m 
d -^ down (maxima value is lowered) 
— ^ up (maxima value is higher) u 
s --^^ same (time of appearance and/or the value 
of maxima remain same). 
Different cases have been summari25ed using two letter 
abbreviations, the first letter refers to time of appearance, 
and the second letter to the value of the maxima. 
lu :- if the maxima appears late and its value increases with 
factor F, it signifies that k^ are similar k, will 
decrease when P is increased (Yide Pig.IT), 
ed :- if the maxima appears early and is suppressed with factor 
P it signifies that k^  are similar but k, will increase 
with F (Vide Pig.IT). 
Id :- if the maxima appears late and is suppressed with factor 
P it signifies that k, are similar and k^ will decrease 
when P is increased (Vide Fig. 2T). 
eu :- if the maxima appears early and its value increases with 
factor P then k,. are similar and k^> will increase with 
d' s I 
P (Vide Pig. 2T). 
Is :- if the maxima appears late but its value remains unchanged 
as factor P ±M increased it signifies that both k- and k, 
decrease (Vide Pig. 3?)L. 
es !- if the maxima appears early but its value remains unchanged 
than both k^^ and k, will increase with factor F (Vide Fig.4T) 
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su :- if the maxima appears at the same time but its value 
increases as factor P is increased then it signifies 
that k, will decrease idiereas k^ will increase with F 
(Vide Pig. 6T). 
3d :- if the maxima appears at the same time but its value 
decreases it signifies that k, will increase whereas k» 
will decrease with P (Vide Pig. 5T)L. 
Using the above classification we find that as the concen-
tration of leucine is increased the maxima appears early and its 
value goes on decreasing (case ed). 
Therefore, we believe that k.^ signifying the formation of 
Mn(IV) should change as little as possible whereas k., may 
increase as the concentration of leucine is increased. On 
examining the expression for k^ we arrive at the conclusion that 
the first term is k.^ » Using, 
k^ f = 7xlO"5[L]^ 
k.^ has been calculated at different [L]. Knowing k^ ,^ 
t , ^  , and k., were also calculated. These parameters have 
been tabulated (Table 1). Examining the value of K at different 
[L] we find that its value becomes very high at [L] = 0.08 moldm"" . 
When we further increase the concentration of leucine the maxima 
is almost totally suppressed. This is justified by the trend of 
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K , (Vide Pig.iT). Using the same technique we have calculated 
the values of k,^  and k,, at different hydrogen ion concentrations. 
In this case we find that the value of M goes on increasing as 
the concentration of hydrogen ion is decreased. The various 
parameters at different hydrogen ion concentrations have been 
computed (Table 2). 
B : Mechanism 
Route A 
K 
L'^ GOOH + M. 7 L(M^)GOOH (1) 
L(M^)GOOH + My + Mn^ "^  ^  ^ "< ]?(My) + GO2 + HM5" + Mn^ "*" (2) 
ir(My) + HgO 
--2 
k' 
^ «GHO + NH^ + HMg (3) 
H^ O"^  -»• HM^ + L'^ GOOH ^^^'^ > :02 + RGHO + NHJ + Mn(lV) (4) 
HM5" + L"^ COOH + 5E^ -iMl^ CO2 + ECHO + NHJ + 3H2O + Mn^ '^ (5) 
2Mn^ '^  + L'^ GOOH + H2O - ^ ^ ^ COj + RGHO + NH^ + 2Mn^ "*' + 2H"^  (6) 
Mn(lV) + L'^ GOOH + 2E^ ^B-st^ ^^^ _^ ^^^ _^ ^-^ ^ ^^ 2^+ _^  ^^^^ ^^^ 
2L(My) + H2O ^ L"^ H + RGHO + NH^ + 2M;^ 
(amine) 
C : Derived Rate Expression for Route A 
The rate expression can easily be deduced from the above 
mechanism. 
(8) 
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^ = kULM^] ( l a ) 
app ly ing t h e s t e a d y - s t a t e t r ea tmen t f o r t he c o n c e n t r a t i o n of r a d i c a l 
(LMr,), we can w r i t e , 
K^k2[Mn^'^][L"*"C00H][M~]^ = k^ELCM^)]^ + k | [L(M^)] + k^^CHMg] [ L ( M ^ ) ] (2a) 
assuming t h a t k» and k ^ a re much l e s s t h a n kg, t h e r e f o r e , 
[L(M^)] = k-LL-'cOOH]^ [Mn^+F ^^7'^ (5a) 
where, 
K^k, [Mn^ "*"] 1 
k ' = { - ^ )^ (4a) 
P u t t i n g t h e value of [ L ( M , , ) ] i n equa t ion (5a) we can w r i t e , 
d[M.] d[M„] ^ 1 
4_ ^ L . = k.[L+COOH]-^ [Ml] (5a) 
A4- A^- 'r I dt d t 
[ M n ( V I I ) ] ^ . . ^ . ^ ^ 
= kl _ I 2 i a l (6^) 
where, [L^COOH]^ 
k .^ = k ' 
Hf f^^^^^I^^total ('^ ^^  
(8a) 
•^TH 
43 
B : Mechanism f o r Route B 
L^QOOE + M~ ^ '^  v L(M,^ )COOH v L(Mg)COOH ( l b ) 
k ' 
L(lfg)COOH + L"^ COOH —U-^ L(Mg)COOH + L'^ COO* (2b) 
L(Mg)COOH + L'^ COOH ^^^^ > L(M5)C00H + L'*"COO* (3b) 
L(M5)000H + L'^ COOH - I ^ ^ 'LiK^)GOOK + L'^ 'COO* (4b) 
L(M4)C00H + Mn^ "^ +H"^  - £ a s t ^ L(M5)C00H + Mn '^*' + 2H2O (5b) 
L(M5)C00H + 3H"*" - i M i ^ Mn^ "^  + L^ COO* + 2H2O (6b) 
41,+COCr -£2:2l> 4i+ + 40O2 (7b) 
f"^  + Mn^ "*" + H2O ^^^^> Mn^ "^  + RGHO + NH^ + H^ (8b) 
L^ + L"*"COOH > L"^ H + L'^ COC? 
n L L'*"COO* ^ L"*" + CO Cycl ic Cihain React ion 
21^ + H2O - ^ M i ^ L+H + NH^ + RCHO (9b) 
(amine) 
C : Derived Rate Express ion f o r Route B 
The r a t e e x p r e s s i o n can be deduced a s f o l l o w s , 
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d[Mp] d[M7] 
~ d F ~ = - " d t " = 4f[l'(M6)G00H][L+000H] ( Ic ) 
= k^^K [^L"*'COOH]^ [M~] (2 c) 
= k- K„[L'^ COOH]'^  - ^ ^ (3c) ,2 '-^'"^^^jtt^Jtotal 
Assuming, K^E^] ^ 1 
^7H' 
[L"*"COOH]^ 
[L'^ COOH]^  
- ^ 2 — — — [Mn(VII)],^,^3_ (5c) 
adding the expressions (8a and 4c) we get, 
^ - - n2 
^* K ^ [H+] 2 ^jj+j ^ J to t a l 
d[M^] k|^[L"^COOH]^ [L'^COOH]' 
7H 
= (k^^ + k2f)[Mn(VII)]^^^^l= ^Tf^^^^^^^^total ^^^^ 
where, o 
1 [L'*"00OH]'^  
k^ = k'[L'^COOH]'^ + ki r (7c) 
Since the concentration of hydrogen ion i s usua l ly high, we 
can assume tha t leucine i s completely protonated.(LCOOH) or (L), 
[L'*"COOH] = [LGOOE]^ or [L ]Q 
there fore , equation (7c) can be wr i t t en as 
k ^ = k ' [ l ] * + kj[L]2 ^ (80) 
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therefore, equation (8c) can be written as 
k^ » k»[l.]^ + k^CLl^ (10c) 
As argued ea r l i e r the above expression (So) has been 
verified from the plots between k«/[L]J vs [I«]Q and k^ vs 
I/EH"*"], which are found to be l inear . However, the effect of 
2+ 
Mn on k ^ could i^iot be quantitatively verified. 
The route A proposed for the oxidation of leucine is 
rather complicated and we are not in a position to identify 
various chemical species produced during the course of the 
reaction by this route. However, the presence of sudi a path 
is very strongly supported by the kinetic parameters as we 
have discussed earlier. In the oxidation of isoleucine, also, 
it has been assumed that the first step Involves the formation 
of an acid-base complex between protonated isoleucine and H». 
It appears that in the case of isoleucine this complex, 
30 (I(H,^)COOH) undergoes a unimolecular electron transfer leading 
to (I(Mg)COOH), which then interacts with protonated isoleu-
cine and the subsequent oxidative degradation processes take 
place. In the case of leucine the route B is in a way 
similar as it, also, involves the formation of acid-base 
complex between protonated leucine (L"**QOOH) with (M™) however, 
the complex (L(Hy)COOH) interacts with {n^) initiating a 
bimolecular electron transfer leading to the reduction of 
Mn(VII). In route B, however, the complex ( L(M^)COOH ), 
M 
i n t e r a c t s with protonated leucine i n i t i a t i n g bimolecular 
e lec t ron t r a n s f e r . 
Furthermore, i n case of leucine the i n t e r a c t i o n between 
the complex (L-0-Mn(0),COOH) and protonated l euc ine , determining 
the r a t e of route B, i s very slow and, the re fo re , preceding 
e q u i l i b r i a are more or l e s s es tabl ished throughout during the 
course of the r eac t ion . This would give a second-order ra te 
dependence of kp^ with respect to the [ L ] . 
k2j = 1.5xlO'"^[L]^ 
Therefore, so f a r as route B i s concerned i t may involve a l l 
s imi la r reac t ion intermediates which have been postulated fo r 
the oxidation of i so leuc ine . 
D : Stiructural Mechanism 
Using the graphics we can explain, 
Route A 
R-
A 
•COOH + 0-MnO, 
Mn^ "*" + R. -COOH + Kj ^ ^ R. 
/T 0-MnO, '-2 
R_j_COOH 
/ ^ 0-MnO. 
+ HM^" + CO^ + Mn5+ 
/ ^ 0-MnO,j 
a-—OOOH + Mn + 5H l a S l > CO2 •»• RCHO + NH^ + 3H2O + Mn 
3+ 
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awn^ "*" + H2O + ttr-OQOE 
K 
i M l ^ RQHO + NH4 + CO2 •»• 2Mn2"^ ^ 2H"^  
R-H» + H2O ^ > ECHO + NH^ + HMg 
y|r- 0-MnO, 
R-
A 
-COOH + H3O + 0-Mn 
* HO 0 
• ^ S S ^ CO2 + M ^ + ROEO + MnCOH)^ 
Mn(OH)^ + R- 2+ COOH + aH"*" ^^^"'^> RGHO + N H J + CO2 + Mn "*" + 3H2O 
/C 
2R- GOO + H2O - ^ — > 2CO2 + R - j - H + RGHO + NH]^ + 2K,j k 
1^ u-jyinu^ 
Route B 
R-
k 
COOH + 0-Mn L ^ 
0^ 0 
R- •GOOH R-
0 0 
-COOH . 
*- 0-Mn /1\ ^ \ 
0 0 
R- -COOH + R-
, ^ O-Mn 
IC2C 
KJOOH ^i--> R 
k 
-COOH + 
OH / 
0 ' ^^ 0 
R-
/ir 0-Mn 
GOO 
/ \ * 
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R- -COOH + H-
/K 
OH 
0-Mn 
0^ 0 
A' 
GOOH f a s t =^  E-f-COOH + fi~f—COO 
0~Mn(OH). 
II 
0 
A' 
R-
/K 
•GOOH 
O-MnO(OH). 
+ R- •GOOH ^^^^-y R. 
A^ 
^ 
•GOOH 
O-Mn(OH)^ 
+ R-|-GOO 
A^ 
R-f-GOOH + Mn^"^ + H"^  - 1 ^ ^ R-f-GOOH + Mn^"^ + 2H^0 
^ O - M n ( O H ) ^ Jr- O-MnO 
R-f-GOOH + 3H"^  - l 2 £ i > RH_C00' + Mn^ "^  + 2H2O 
A" O-MnO A* 
R- GOO • f a s t » R H » + GO, 
A' A* 
n 
R- • + R-
A^  A 
-GOOH ^ ^ ^ ^ > R- •H + R-
A^  iJ 
•GOO 
•^  Gycl ic Ghain 
React ion 
R- •G0(? f a s t > R-
A 
• + GO, 
A^  
R-
A 
f + Mn^"^ + H2O - ^ ^ 2 i » RGHO + NH^ + Mn^"^ + H*^  
.+ 
2R- • + H2O ~ ^ ^ ^ R - | ^ H + RGHO + H H J 
/C A* 
(amine) 
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In route A, one mole of Mn(VII) on reduction,, produces 
only 1.8 moles of COp. However, route B should produce the 
same amount of GOp as found in the case of isoleucine. The 
overall effect of route A will he to reduce the amount of COp 
produced. Similarly, the number of moles of leucine consumed 
per mole of permanganate should also be reduced by the same 
amount. This has been verified by stoichiometric measurements 
which shows that 8 moles of COp are produced and 8 moles of 
leucine is consumed per mole of permanganate consumed. 
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Al : Obseirved Kinetic Features in the Presence of SD3 
525 It is observed that the plot between A^:^ vs time does 
^ cor 
not give any shoulder under any condition. Furthermore, 
525 
InA^^ vs time gives a linear plot from which ky the pseudo-
first order rate constant has been calculated. The plot 
between k^ "^ ^ [L]^ is also linear and passes through the origin, 
showing a first order dependence of the reaction rate on [L] in 
the presence of surfactant (Fig. 3, Table 3). Similarly, 
the plot between kj vs I/EH"*"] gives a straight line (Vide Fig.4, 
Table 4) with a positive intercept from the value of intercept 
and slope we can write, 
d[Mn(VII)] 
= k„[Mn(VII)]. dt ~ ^T"-"'""'-"total 
where, 
^7 -< 
8.0x10-5 -HL^iO:l|>[L] 
The plot between A vs time exhibit a maxima and decrease 
in the absorbance at 420 nm after the maxima, is quite rapid and 
depends upon the concentration of leucine and hydrogen ion. We 
have already discussed earlier that the absorbance at 420 nm is 
a measure of Mn(IV) produced and should be treated as the 
reaction intermediate. We find that as the concentration of 
leucine is increased the maxima appears early and its value 
decreases, (case 'ed', page430), this would suggest that the 
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Figure 3 Plot of kj vs- CL3 in the presence of SDS 
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>4-
I 
I 
X 
0 
k^= 8-0X10 +3-8X10"^/CH*3 
8 12 16 
l / C H * J m o l d m " ^ 
20 
F i g u r e d Plot of k^ vs. 1/CH*3 in the presence of SDS 
Temp.= 30°C. CL3=008 moldm"^, p = 0 •20molcJnrr'^, 
CMnO^]= 2X10~^moldm~^, CSDSJ = 0-Olmotdm""^ 
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rate constant for the formation of Mn(IY) should be similar at 
different concentrations of leucine but the rate constant for 
the decomposition of Mn(IV), k.,, should increase rapidly with 
the concentration of leucine. If we use k,,, as the rate constant 
for the formation of Mn(rv) then we get a very high value of 
"^mov^  (^ ^^ •''ma^  ) which gives a very low value of K • If "tlie value 
of 1^  is so low then Mn(IV) can be treated as reaction end product. 
Therefore, it appears that k™ signifies two parallel reactions one 
leading to the formation of Mn(lV) and the other path directly to 
Mn(II). In view of the behaviour of the maxima at different 
leucine concentrations and hydrogen ion concentrations (case 'ed') 
we are of the opinion that the first teisn in the expression for 
k„ represents k^ » i.e., 
k^ ^ = 8.0x10"^[L] 
Calculating k-^  from the above expression, we have calcu-
lated tjnnj. and then ^  and k.,. Although the value of K increases 
as the concentration of leucine is increased or the concentration 
of hydrogen ion is decreased, but the values are rather small. ¥e 
find that as the concentration of leucine is increased from 0.03 
to 0.08 moldm the value of ft increases from 0.14 to 2.80. We 
donot observe any maxima when [l]^0.12 moldm"•^ . This suggests 
that in this range the value of t\ should be high so that the 
maxima is totally suppressed as the decomposition of the inter-
mediate becomes too rapid. The value of k.^ also increases 
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rapidly as the concentration of amino acid is increased. The 
second term in the expression for k,, probably is a measure of 
the rate constant (kpf) ^ ° ^ '*'^® formation of Mn(II) from the 
second path of the reaction without involving Mn(IV) which has 
been, also, calculated. It will be noted that the reaction 
becomes first order in the presence of surfactant as was observed 
earlier in the case of oxidation of isoleucine, therefore, we 
expect the mechanism to be similar for the oxidation of leucine 
in the presence of surfactant. However, the effect of hydrogen 
ion is different in the two cases. In the case of isoleucine 
hydrogen ion concentration has no effect on the reaction rate 
whereas in the case of leucine we find that the rate expression 
consists of two terms one of which decreases as the concentration 
of hydrogen ion is increased and the other term does not depend 
upon the concentration of hydrogen ion. 
Although the effect of hydrogen ion suggests two simul-
taneous paths (one retarded by hydrogen ion and the other re-
maining unaffected), but we are not in a position to accept that 
the path retarded by hydrogen ion corresponds to the reaction in 
the bulk (as suggested for oxidation of leucine in the absence 
of surfactant) because of two reasons: 
a) If the reaction is biphasic then the dependence of the reaction 
rate on the concentration of leucine will not be first order 
(for route A, lCobs°''--'^ o^ ^^^ ^ ° ^ route B, o^bs'^ '-^ -'o ^^ *^® 
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absence of surfactant) and 
b) If part of the reaction is occurring in the bulk as surfactant 
uncatalyzed reaction then the amount of COo produced per mole 
of MnOT consumed should be rather high. 
It may be recalled that in the absence of surfactant 8 moles 
of COo are produced per mole of MnOT consumed. Furthermore, the 
plot between k,, vs [SDS] is found to be linear passing through 
the origin (Vide Pig. 5 and Table 5). 
Table - 5 : Dependence of Observed Rate Constant on the [SDS] 
[SDSlmoldm"-^ A lO'^t (cie^n) k , s""^  
^ -• max. ^^ m.ax,^^^°' obs 
-^4 0.01 0.085 36 5.0x10 
0.02 - - 9.6x10"^ 
0.05 - - 15.5x10""^ 
0.04 " - 19.8x10'"^ 
Temp. = 30°, [L] = 0.08 moldm""^, [H"*"] = 0.10 moldm""^; 
[MnOT] = 2x10"'* moldm"^, \i = 0.20 moldm"^. 
Which suggest that surfactant uncatalyzed path is not active in 
presence of the surfactant. 
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Figure 5 Plot of k-7 vs. LSDSD 
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Now let us examine the case of the reaction path which is 
not affected by [H ]. It may be recalled that in the oxidation 
of isoleucine in the presence of the surfactant the reaction 
rate remained unaffected by [H ], furthermore, only 5 moles of 
OOp were produced per mole of MnOT consumed. If the oxidation 
of leucine and isoleucine involve a similar reaction path which 
is not affected by [H ], in the presence of surfactant then 
5 moles of COp should be produced per mole of MnOT consumed. 
Under these circumstances, we assume that the oxidation of leucine 
is following a different mechanism in the presence of surfactant. 
Therefore, we are tempted to believe that the path which is not 
retarded by hydrogen ion is same as the one observed in the 
oxidation of isoleucine in the presence of surfactant, but the 
path which is retarded by hydrogen ion is different (in route B) 
involving interaction with HM.^  and micelle protonated amino acid 
complex. 
Bl : Mechanism 
Route A 
L'^ 'GOOH + SDS^ "" - ^ ^ L(SDS)i'°"-^ ^ COOH (l) 
iU ~a^ Hi 
L(SDS)^'^~^^ COOH + HM^ 2 — ^ 1(31)3)^ °^ "-^ ^ GOO + H2Mg 
(2) 
L (SDS) ^ "-^ ^ GOOH + iCj ^^ -^^  L (SDS) ^ '-^ ^ COO + HMg 
(5) 
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L(SDS)^ °^ ~^ "^" COO* ^ M L ^ LiSBSjl"^-^^' + CO2 (4) 
LCSDS)^ '"'-^ '^' + L-'COOH - ^ ^ ^ 
L'*"COO* 
LH(SDS) 
m 
L"^  + L'^COOH 
n L 
L'^COO' 
2V' + H2O 
fast 
(m-1)- fast 
fast 
LH(3DS)^ °^ "-^ ^ + L"^ COO 
L"*' + CO, 
m 
^ ^ ^ ^ L+H + L+COO 
(5) 
(6) 
(7) 
-> V + CO, 
Cyclic Chain 
Reaction 
^^^^ > L'*'H + RCHO + NH^ 
(amine) 
(8) 
H2Mg + L'^ COOH + H2O ^^^'^ > CO2 + RCHO + m^ + Mn(IV) (9) 
Mn(lV) + L'^ C00H+2H + f a s t ^ RCHO + M J + CO2 + Mn"^"*" + 3H2O 
(10) 
CI ; Derived Rate Express ion f o r Route A 
The r a t e exp re s s ion f o r t h e o x i d a t i o n of l e u c i n e i n t h e 
presence of s u r f a c t a n t can be ob ta ined from t h e s t e p s (2 and 3 ) . 
d[Mn(YII)] , . , 
d t ^ ^ = [L^COOH] k^EHM^] + k7a[M:^] ( l a ) 
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for equilibrium step (1), 
= Kjjj[(SDS)^ "][L'^ COOH][k^ [^M~] + k^[HM^] (2a) 
Assuming that k^ is very small, 
d[Mn(VIl)]^^^^l 
Knowing, 
and 
We can write, 
,-m-ir-r+/ 
dt = K^ jk^ [(3DS)^ '"][L"^ C00H][HM^ ] (3a) 
[Mn(VII)]^^^^^ = [M-] + [HM^] 
M:^  + H"^  -^^ ^ ™ 7 
[HM^] = 
[Mn(VII)] total 
r 1+ 1 n 
1 ^ t K ' " ^ 
as we have assumed earlier that. 
(4a) 
(5a) 
(6a) 
KTate"^ ] » 1 7^H 
which signifies that the concentration of HM« does not change 
by much when hydrogen ion concentration is changed from 0.05 
-3 
to 0.20 moldm giving, 
d[Mn(VII)]^ .^ ^^ -L 
dt = K^k^[(SDS)7][L]jMn(VII)] total (7a) 
456 
Bl : Mechanism 
Route B 
It appears that in the case of isoleucine premicellar 
aggregates forming acid-base complex with protonated isoleucine, 
produce unreactive 
I'^ COOH + (SDS)^^ :;z=±I(SD3)j,^~-'-^ COOH 
species I(SDS)J^^^^ GOOH. This is why the reaction slows down 
when [3DS]<cmc. However, in the case of leucine, the plot 
^obs ^^ [SDS] does not show any minima (Vide Fig. 5). Therefore, 
it appears that premicellar aggregates forming acid-base complex 
with leucine, L(SD3)p^ ~''"^  COOH (where p may be any positive 
integer) is still reactive and interacts with HM^ ,, However, it 
is quite likely that the acid-base complex formed by the inter-
action of protonated leucine (L COOH), with the monomer (SDS"), 
may interact with permanganate in a bimolec^llar 
K 
L'^ 'COOH + SDS" _ ^ 2 ^ L( SDS) COOH) 
electron transfer process. 
L(SDS)COOH + M^ ^ > L(HMg)CO(? + SDS" 
It is apparent that the complexes with higher surfactant 
aggregates will have a net negative charge and therefore, their 
interaction with M^ may not be possible. 
4S7 
We have assumed in our earlier discussion that Mn(IV) has 
formed in the reaction only when free Mn(7I) and/or Mn(V) are 
produced whereas when Mn(YI) is complexed with the amino acid 
then reduction leads to Mn(II) without producing free Mn(IY) in 
the medium. This route has been taken as route (B) leading to 
the reduction of Mn(VII) to Mn(II) without the formation of 
free Mn(I7). The mechanism of route (B) has already been 
discussed in details (see page 400, step X). 
Gl : Derived Rate Expression for Route B 
d[Mn(VII)] 
dt = \onotl'(SDS)COOH][M-] (Ic) 
= k Kj^onol^^'*'^^°^^'^^°^"^f^7^ ^ ^ ° ^ 
Assuming that leucine is totally protonated, we can write, 
L'*'COOH] = [LGOOH]Q or [L]^ 
and further for permanganate we can write, 
tM^(^II)3total [M:] = 
1 + Kr^lE^] 
Substituting this value in the equation (2c) we get, 
[Mn(YII )]+„., 
mono -^0 J ^  ^  K^LH""] 
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as assumed earlier KTOLH"*"]/"! then equation (3c) is simplified 
to, 
'total mono"- -"o' 
dt [Mn(VII)]^^^^l (4c) 
= 4 f tMn(VII)]^^^^^ (5c) 
KygLH J 
where, 
^2f 
mono '-•"Jo'--' 
^•mln*'] 
(6c) 
7^H 
The total rate expression for the oxidation of leucine in 
the presence of SDS can be written as, 
d[«n(YII)],„,^l 
where, 
dt = k^K^[SDS-][L]jMn(ra)].^^^^^l 
'J. [Mn(ra)],^,„, (7c) 
KTJJEH"^] 
^2f 
'total 
i^4f ^f^ff^^^^II^^total 
= k^[Mn(VII)],^,^^ 
^4f = kiK^[SDS-][L]^ 
(8c) 
(9c) 
(10c) 
^2f mono^ •'^ •*o 
krj = k^ f + k^^/[H+] 
(lie) 
(12c) 
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The above expression is verified on the ground that plots 
between k,, vs [LJ^ and k^ vs I/CH"*"] and k„ vs [3D3~] are foiind 
to be linear. 
Dl : Structural Mechanism 
Using the graphics we can explain. 
Route A 
R—I— GOOH + SD3' m- m R- •GOOH 
JV (SDS)^"^-^^' 
(I) 
The oxidation produced by the interaction of permanganate with 
complex (I) 
kJ 
R-
l\ 
GOOH 
(SDS) 
+ HMr -^  R-l-GO(J 
(m-D-
m 
+ H2M6 
(II) 
R- GOOH + M. 7^a » R-
/T (3DS)^^-1^-
-GOO* + HM, 
/f^(3DS)i^-l)-
(II) 
The free radical of complex (II), is subsequently degraded to 
reaction products. 
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R- •GOO fast •> R-
/ ^ 
(SDS) (m-D-
m /V (SDS) 
(m-D-
m 
+ GOp (See Refs . 6, 
15 .and 22 fo r 
GOO and G*free 
r a d i c a l and CO2) 
R--» + R-
/ ^ (SDS) 
(m-D- A"" 
•GOOH f a s t » R-4-H + R-
m 
(SDS) (m-D- A' 
-GOCT 
m 
R-
-H fast •» R-
/ ^ (SDS) 
(m-D-
m 
•H + S D S ju-
ra 
(amine) 
R-[-COCf 
A* 
fast R-
A 
• + CO. 
n 
Br • + R4-GOOH ^^^^ > R-hH + R-I-COO* 
L A^ 1^ A' k 
R4-C0d ^^^"^ > R-H« + CO, 
/K K 
Cyclic Chain 
Reaction 
2 R H » + H2O fast 
/ \ ^ 
-> R-l-H + RGHO + mt (See Ref. 2 for aldehyde 
and ammonium ion) k 
(amine) 
H2Mg ->• R-I-COOH + H2O - i ^ ^ RGHO + CO2 + M J + Mn(IV) 
IK (See Ref.4 f o r m t , GOp 
and RGHO) ^ 
Mn(IV) + R-|-COOH + 2H"*" - i M i ^ HCHO + NHJ + CO2 + Mn'^ "^  + 3H2O 
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Dl : Route B 
iH-COOH + SDS" 3^BS> B-I-COOH 
/fC /|\-SDS 
R-f-COOH + M: » R—JGOO + SDS 
A" SDS /^0-Mn(0)20H 
R-hCOO fftSt ^ R-
/j\'0-Mn(0)pOH 
+ GO, 
/K 0-Mn(0)20H 
R—- • + R-
/^-Mn(0)20H A 
-COOH ^^^^ > R-MI + R-
A 0-Mn(0),OH 
-GOO' 
A' 
R- f—H + R-
/ ^ 
0-Mn(0)20H 
-COOH ^^^^ > R-
A* 
41 + R-
^ 
O-MnO(OH). 
-GOO 
kC 
R- -H + R-
A O-MnO(OH), 
-OOOH ^^^^ > R—h-H + R-
A* A" O-Mn(OH), /|\ 
-COO 
R--K + H"^  ^^^^ > R - H i + Mn(OH) 
/y O-Mn(OH). / \ ^ 
S2 
Mn(OH)^ + R-
-GOOH + 2H"^ ^ ^ ^ ^ > ECHO + NH^ -h 00^ + Mn '^*"+ 3H2O 
/C 
R- -COO fast •> RH»+ GO, 
A' 
n[ lH 
A 
• + R GOOH 
"^  R GOCf 
-^ R t^' R-
"A CO2] 
iA" 
-COO 
2R-
1 A 
• + H.O »• s - M i + RCBO + ira. 
A 
RESULTS AND DISCUSSION : OXIDATION OF GLUTAMIC ACID 
m 
The following graphics and abbreviations have been used 
in the text. 
G or GCOOH or R—COOH Glutamic aicd 
A 
••"E'OOOH or e^OOOH or R-
k 
COOH — ^ protonated glutamic acid 
G"*" ;=::^H00C-GH2-CHp-CH(]m^) 
6'^G0(T i ^ ji-4-GOC? Free radical at 
/fy*" carboxylic group 
G'*"H 
5+ =^ R-Jf 
rz=:>R-4-H k 
Free radical at 
carbon 
R 
+£' 
> GHo-CHo-GOOH z^;^ \ji.Lr)—\ju.o 
'2 ^ " 2 -i< GHo-GHo C-COOH 
m. 
•^R' C0(?—=±>*00D-
H^ ^nt GOOH 
3 
GOOH 
" ' " R ' H — ^ H O O G -
% 
R'OH-^>HOOC 
1 
H 
OH 
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A: Observed Kinetic Features in the Absence of SPg 
The oxidation of glutamic acid shows that the reaction is 
first order with respect to the concentration of glutamic acid 
and [MnOT]. The plot between k^ vs 1/[H ] is found to be 
linear with a positive intercept. The overall observed rate 
law is: 
d[Mn(VII)] 
dt =^7t^^(™)Wal 
vdiere, -
k~ = (2.4x10-5 + ^•'i^l°~^ I [s] 
Purtheannore, it is observed that absorbance at 420 nm passes 
through a maxima indicating that Mn(I7) is produced as a reaction 
intermediate. The behaviour of observed maxima at different 
glutamic acid concentration shows that as the concentration of 
glutamic acid is increased the maxima appears early but its value 
remains more or less unchanged indicating that the consecutive 
reaction CMn(YII) > Mn(IY) > Mn(II)] belongs to the 
category "es". 
Similarly, the behaviour of the maxima at different hydrogen 
ion concentration shows that as the concentration of hydrogen ion 
is decreased the maxima appears early and is totally suppressed 
at very low [H'^]. This behaviour represents case "ed" indicating 
that when hydrogen ion concentration is decreased k^ should remain 
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s imi l a r and k, should increase . We, therefore , be l ieve tha t the 
f i r s t term in the above expression (Tidiich i s independent of 
hydrogen ion concentration) should be a measure of the r a t e 
constant fo r the foimation of Mn(IV), k.^, t h i s would give, 
k^^ = 2.4xlO'"5 [G]. 
Using this value of k.^ , and t„„^ , we have calculated, i„.-. , 
\\ , and k., under different conditions (Vide Table 1). 
The value of \\ thus obtained at different glutamic acid 
concentration shows no definite trend and is moice or less similar, 
where as, u*' at different hydrogen ion concentration is found to 
increase rapidly with low hydrogen ion concentrsition. Therefore, 
calculated K also predicts that at very low hydrogen ion concen-
tration the maxima ms^ be totally suppressed (Vide Table 2). 
B: Mechanism 
The above rate expression clearly indicates that oxidation 
of glutamic acid involves two parallel reactions only one of 
which produces Mn(IV) and both the mechanism should lead to 
first-order dependence of the reaction rate on the [G] and 
[MnOT]. It has been argued earlier that the reaction path which 
involves Mn(IV) as the reaction intermediate should not be 
effected by hydrogen ion concentration. We believe that hydrogen 
ion effect is observed due to possible complex formation involving 
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both M^ and HM™ with protonated glutamic acid shown in steps 
(1 and 2). 
Glutamic acid at such high hydrogen ion concentration is 
assumed to be completely protonated. With this inview we 
propose the following mechanism for route A and route B. 
Route A 
G'^ 'COOH + M~ "^ ^^  G(M^)GOOH (1) 
K' 
G'^ COOH + HM^ ^^^ G(M^)COOH + H"*" (2) 
6(M,7)COOH > G(HMg)COO* (3) 
G(HMg)CO(f — l a s t — ^ G(HMg) + QO^ (4) 
G(HMg) + H2O ^^ ^^  > G(H2M5)OH (5) 
and/or 
J(HMg) + G'*"COOH — ^ ^ ^ — ^ GH(HMg) + G'^COO* (6) 
6(H2M5)0H + G'^ COOH + 4H'** _ l a s t — ^ ^^+ _^  ^^^^ _^ ^^^ ^ 
3H2O + Mn^"^ (7) 
G'*'COOH + Mn^"^ + H2O —^^^—^ CO2 + NH^ + RGHO + H"^  + Mn^^ (8) 
(j+COO* — l a s * — > (f^- + GO2 
G'^ COOH + G* ^^ ^^  > G'^ H + Q'^QOS _ ^ . ^ .^ 
L T Cyclic Chain Reaction 
n (j+cOO* ^^ ^^  ) G-*- + CO2 J 
2G+ + H2O ^^ ^^  > G"*"H + G'*"OH 
8.9 
C : Derived Rate Express ion f o r Route A 
K 
G"^COOH -t- Mr 7G G{Krj)GOOE 
G'*"COOH + HM^ "^^^ G(M )^COOH + H"*" 
( l a ) 
(2a) 
G(M )^COOH 
d[Mn(YIl)] 
d t 
-^ o t h e r r e a c t i o n p roduc t s -f Mn(II) 
(3a) 
k[G(M^)COOH] (4a) 
For G(M,,)COOH we can w r i t e a s , 
[Mn(YII)]^Q^^^ = [M~] + [HM^] + [ G ( M ^ ) ( C 0 0 H ) ] (5a) 
[G(M^)COOH] [G(M^)COOH][H''"] 
[G"^COOH]K^(J K ^ ^ [ G ' ^ C 0 0 H ] 
+ [ G ( M ^ ) C 0 0 H ] (6a) 
[6(M^)G00H] 
[G'*"COOH] 
1 . [H^l . r .+ . 
^7G K-^ 
[G(M„)COOH] = ^°^^^ 
I _!_ + I S J . + [G'^ GOOH] 
(7a) 
(8a) 
ZrjQ K^Q 
[Mn(VII)]^^^^jG^COOH]g^^K^(, 
(9a) 
P u t t i n g t h e v a l u e of G(MY)COOH i n t h e equa t ion (4a) we g e t , 
d[Mn(YIl)]^^^33_ k[Mn(YIl)]^^^^[G^COOH]K^^K^^ 
d t K' + K^JE^] + K^pK' [G'^ COOH] 
(10a) 
7G ^ ^7G 76^7G' 
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Assuming, 
if, 
K^(j[H"^]> K^ (j + K,7(jK|(j[fi"*"C00Hj ' 
Ki„"^l, we can simplify the equation (10a) to. 
d[Mn(VII)]^^^^ _ K^S k[GCOQH]^ 
dt [H+] [Mn(VII)]^.otal (11^) 
where, 
[GCOOH]. 
= 4 - ^ - q - ^ tM^(™)ltotal (12a) 
4 = K^ (j K (15a) 
k'[(JCOOH] 0 
^2 = r H. " (14a) 
[H+] 
Therefore, this path will be inhibited by hydrogen ion. 
2 
It has been assumed by T. Navneeth Rao and others that 
protonated amino acid forms a complex with Mn(VII). We under-
stand that due to the presence of COOH group in R of glutamic 
acid, this complex is more likely to be formed by HMnOi. In 
our opinion the probability of formation of such a complex with 
permanganate ion is not high it would rather form an acid-base 
complex at protonated amino group. We have, therefore, assumed 
complex formation of protonated glutamic acid ("'"R'COOH) and HM^ 
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in step ( lb) . The deoomposition of this complex which appears 
to be the rate determining step leads to an intra electron 
transfer giving rise to the formation of free radical (I) and 
Mn(VI). We don't agree with the mechanism proposed by Rao et a l . , 
wherein, they have suggested a two electron transfer leading to 
the reduction of Mn(VII) to Mn(V). I t is difficult to comprehend 
the role of water and the nature of Mn(V) formed in the mechanism 
proposed by them. To us i t appears that such a piracess should 
rather be catalyzed by hydronium ion. Therefore, the route B 
proposed by us is a modified version of the mechanism proposed 
2 by Rao et a l . . 
Furthermore, we believe that Mn(VI) is interacting with the 
COOH group adjacent to protonated amino group in keeping with the 
general feature that deamination of amino acid also give rise to 
the formation of aldehyde. I t may be noted that the attack on 
COOH group present in H group of glutamic acid results in decarb-
oxylation but not in deamination. In view, of the above route B 
appears to be a very probable reaction path. 
B : Mechanism 
Route B 
"^R'COOH + HM^  , ^ ' ^ Y (See Ref.2 for (lb) 
n complex Y) 
Y ^ — ^ "^ R'aOcJ + HpM^  (See Ref.4 for (2b) 
COCf radical) 
'^ •fl'COO ^^^^ > +J?' + QOy (See Rets.6 and (3ii) 
22 for C*radical 
and CO2) 
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.+/^/^/.TT . XT /^ f a s t 
n 
HgMg + G'^ COOH + H2O •• ^^^^ > RCHO + NH^ + CO2 + Mn(lY) (4b) 
Mn(lY) + G'^ GOOH + 2H'^  ^—> RCSO + NH^ + CO2 + Mn^ "^  + JS^O 
(5b) 
•*"^ ' + ••"H'COOH ^^^^ > "^R'n + "'•R'COO 
. m 4>o„+ J. • T Cycl ic Chain Reac t ion 
+RiGO(f ^^^^ > "*"R' + CO2 
2*'R* + H2O ^^^''^ > "^ 'R'H + "^ R'OH (6b) 
C : Derived Rate Expression for Route B 
"^ RCOOH + HM,, ^' ^  Y (Ic) 
Y — » •''R'COO + Mn(VI) (2c) 
+ Mn(VI) ^ ^^^ > Mn(IV) + (3c) 
+ Mn(IV) ^^ --» Mn(ll) + (4c) 
d[Mn(YII)]. .^ , 
dt =^fY3 (5c) 
= kK'['*"R'COOH][Mn(VII)]^Q^^^ (6c) 
"*"R'COOH is protonated glutamic acid (&'''COOH) or (G). Assuming 
amino acid is totally protonated we can write, 
d[Mn(7Il)]. . 
dt = ^if t^]otM^(^I^^)3total (70 
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where, 
yay = kK» (8c) 
General r a t e expression on combining equations (11a and 7c) 
we can wr i t e , 
d[Mn(VII)],^,^3_ ^ ^ 
dt 
Ir' 
Ht^jf] ^ t ^ ] o t M ^ ( ™ ) ] t o t a l (9c) 
pu t t ing , 
and 
^2f ~ ^2f^^•^o/^^^'^ (from equation 14a) 
in equation (9c) we get , 
d[Mn(VII)],^,^., 
dt = (k4f + k2f)CM^(^'^I)]total ^^^c) 
=k^[Mn(yiI ) ]^^^^l ( l i e ) 
where, 
^7 = ^4f + ^2f (^2°^ 
The above rate expression is experimentally verified by plots 
^7 vs [G]Q and k^ vs l/[H+] (vide Pig. 1 and 2) which are found 
to be linear. 
474 
I 
lO 
k^ = 1-2X10 LG3 
006 0-08 0-10 
CGDmoldm -3 
Figure 1 Plot of k^ vs. [(33 In the absence of SDS 
Temp.= 30°C, CH*J = 0-10moldm"^, /j =0-20moldm^ 
rMn0^3 = 2X10"'^moldm"'^, C5D5.] = nil 
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I 
(A 
in 
'o 
r^  
^ 
0 
k = 2-4X10 + 6-3X10" /CH*D 
8 12 16 20 
l /CH* ]mo ldm - 3 
Figure 2 Plot of k^ vs. 1 /CH*] in the absence of SDS 
Tennp. = 30°C. CGD =0-07motdm"^, p = 0-20moldm^, 
CMn07D= 2X10~'^moldm"^, CSDSD= nil 
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C : S t r u c t u r a l Mechanism 
Using t h e g r a p h i c s we can e x p l a i n , 
Route A 
R-
A* 
GOOH + 0-MnO^ Z L . RH~GOOH 
/tV 0-Mn03 
(G(M,y)COOH) 
R- ^)(J 
A^ 
COOH + HO-MnO^ ' " ., R + - GOOH + H 
0 ^ 
/IV O-MnO^ 
(&(M^)COOH) 
a n d / o r 
R—1# 
R-
A 
COOH 
0-MnO, 
-» R- •COO 
yrO-Mn(0)20H 
R-j-cocT 
/|\;"0-Mn(0)20H 
R-^« 
f a s t 
•» R — + CO. 
yr- 0-Mn(0)20H 
+ H2O ^^^^ > R-
0-Mn(0)201 
OH 
^0-MnO(OH)2 
+ R-
yr- 0-Mn(0)20H 
• GOOH ^^^"^ > R-
A 
•H 
,r-0-Mn(0)20H 
+ R-f-COO 
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R-4-001? '^^^^ ) E-
A 
• + CO, 
R-H* + RH-GOOH ^^^^ > R 4 - H + R-4-co(f 
n 
A^  k: A* A^ Cyclic Chain 
, ^^„+ 1 fieaction 
R—GOO ^^^^ > R H * + COo 
R-j-OH 
/^0~MnO(OH)2 
+ R-
A* 
COOH + 4H'*' -£^2i^ 2SH4 + 2RCH0 + 
CO2 + 3H2O + Mn 3+ 
R-I-COOH + Mn^ "*" + H2O ^^^^ > CO2 + NH2 + RCHO + H"^  + Mn^ "*" 
/K* 
Boute B 
2a—1». + H,0 - ^ a S l , E_|-H + 1-
A^  A^  
•OH 
Since R group in amino acid consis ts of -COOH group, t h i s 
may be at tacked by HMy d i r e c t l y . 
HOOC-
A 
0 
II 
-C-O: + HM 
I 
H 
K" 
7 - • HOOC- A^ 
0 
'C-O:-
I 
H 
[Y] 
HM,^  
(See Ref.2 for 
complex Y) 
-» HOOC- 1 
C0(5 + Mn(VI) 
HOOC 
1 
0 0 ^ - i M i ^ CO2 + HOOC -f I [• 
m 
in 
HgMnO^ + R—aOOH + HjO f a s t > RCHO + HH^ + CO2 + Mn(lV) 
Mn(IV) + R-l-COOH + 2H + ^4d -> CO2 + RCHO + NH4 + Mn^ "^  
+ 3H2O 
2 HOOC 
+ A 
• + HgO -£aai^ HOOO-
% 
•H + Hooa-
"A 
•OH 
HOOC-
[X] 
• + HOOC 
'A 
COOH £ 2 ^ HOOC H + 
HOOC co5 
HOOC 
1 
COO* ^^^"^ > HOOC- « + CO, 
Cyclic Chain 
Reaction 
J 
[X] 
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Al : Obaerved Kinetic Features in the Presence of 3D3 
The oxidation of glutamic acid is catalyzed in the presence 
of surfactant (SDS) hut the reaction mechanism appears to remain 
unchanged. The major observed kinetic features are that the 
reaction is first order with respect to the [G] and [Mn(VII)].^^^ 
giving, 
d[Mn(VII)].^.^T 
where, 
k^ = 4.3x10""^  [G] 
From the above equation it is apparent that the reaction is three 
times faster in the presence of suitfactant as compared to the rate 
constant observed in the absence of surfactant (Vide Fig. 3 and 
Table 3). The reaction is also inhibited by higher concentration 
of hydrogen ion and it is found that the plot between k^ vs I/CH"*"] 
is linear with a positive intercept (Vide Fig, 4 and Table 4). 
This indicates that the reaction involves two reaction paths as 
described earlier. The overall rate expression being. 
dt 
^,.4,10-^,l.i52iO:!}[S][„n(VII)],„,^ (2) 
it may also be noted that rate of the reaction path leading to 
formation of Mn(IV) is increased by six times at different 
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81 
I 
'o 
t— 
X 
k-7 = 4-1 X10 CGI 
0-02 0-10 0-04 0-06 0-08 
CG] moldm"^ 
Figure 3 Plot of ky vs. CGD in the presence of SD5 
.-3 Temp.= 30°C. CH*3 = 0'10moldm ^, p=0-20motdm 
CMnO^D = 2xlO~^moldm"3^ CSDSD =0-01moldm~3 
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J 
I 
O 
X. 
8 12 16 
l/CH*3moldm"^ 
Figure A Plot of ky vs. l/CH* ] in the presence of SDS 
Temp. = 30°C, CG3 = 0-07moldm~^, |j = 0-200^0Idm^, 
CMn0^3= 2X10~^nrToldm"^, SDS = 0-01 rnoldm"^ 
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concentration of glutamic acid and hydrogen ion whereas the 
effect of surfactant on the second reaction path appears to "be 
less dominating because kp^ increases by a factor of 2 to 3 
when [G] increases from 0.03 to 0.10 moldm in the presence of 
surfactant. The amount of COp evolved is found to decrease in 
the presence of surfactant from 6 moles to 3 moles for one mole 
of permanganate consumed. We understand that most of the COp 
is being produced by the cyclic reaction in which free radical 
(X) (see page478) is involved. We have explained that in the 
presence of surfactant the mobility of this free radical is 
inhibited and therefore, the cyclic reaction is less likely. 
This may be one of the reasons why less amount of CO2 is produced 
and less amount of amino acid is consumed in the presence of 
surfactant (SDS). 
Effect of Surfactant 
The plot between k,^  vs [SDS] is found to be linear passing 
through origin (Vide Fig. 5). It appears that the role of SDS is 
to form an acid-base complex with protonated glutamic acid and 
which subsequently reacts with Mn(VIl) species in rate determining 
process. Since the overall rate expression remains unaltered we 
believe that both the routes involve the complex formation between 
protonated amino acid and the surfactant. We are of the opinion 
that the direct interaction between protonated amino acid and 
Mn(VII) species is not significantly involved in the presence of 
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20 -
I 
(A 
'o 
k^ = A-1X10 CSDSD 
0 0-01 0-02 0-03 0-04 
CSDSD moldm"^ 
Figures Plot of k^ vs. CSDSJ 
Temp. = 30°C, CG3 = 0-10moldm~^, 
CH'^ J = 0-10moldm~'^, p =0-20moldm""^ 
CMnO^ D = 2 X10~^moldm~3 
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Table - 5 : Dependence of Observed Rate Constant (k,,) on the [SDS] 
[SD3]moldm"^ 
=============:=====:=:= 
0 .01 
0.02 
0.03 
0.04 
max. 
========= 
0.23 
0 .18 
0.13 
0.09 
10" 
======== 
max^ 
======= 
63 
36 
27 
18 
sec) 
= = = = = = = = 
k^s""-^ 
:==============: 
4.1x10"^ 
8.1x10"'^ 
12.1x10""^ 
16.6x10"^ 
Temp. = 30°; [G] = 0.10 moldm"^, [H"^] = 0.10 moldm"^, 
\i = 0.20 moldm"^, [MnOT] = 2x10"'^ moldm"^. 
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surfactant, because there is no positive intercept in the plot 
between kr, vs [SDS]. In view of the above the routes A and B, 
proposed earlier, may be modified. 
Bl : Mechanism 
Route A 
In view of the presence of acid-base complex between 
protonated amino acid and SDS we can write, 
SDS" + G'*"COOH _ ^ ^ G(SDS)GOOH) (la) 
T-
(I) 
Since the complex ( I ) i s neu t ra l i t may i n t e r a c t with 
permanganate ion giving, 
G(SD3)C00H + M~ ^ > G(HMg)COCr + SDS" (2a) 
G(HMg)CO(J ^^^"^> G(HMg) + CO2 
(For d e t a i l s of Mechanism, see page 468) 
This route envisages an in t e r ac t ion at the carboxylic group 
present adjacent t o the amino group. I t i s quite l i k e l y t h a t 
sucda an i n t e r a c t i o n with HMr, may be weak. 
4S8 
CI : Derived Rate Expression for Route A 
where, 
^^ = k[G(SD3)C00H][My] (3a) 
= kK2^2[SDS"][(J'^C00H][M:j] {4a) 
[Mn(VII)]. . -^i 
= 1^3Ds[SDS-][(JC00H]^ ^ ^ ^ ^ ' ° ' ^ ^ (5a) 
= f ^ tM^(™)]total (^ ^^  
k' kKqT,<, 
| _ ^ __bDb [3Dg-]L(joOOH]^ (7a) [H""] K ^ 
In t h i s route Mn(VI) i s complexed with the amino acid, 
t he re fo re , i t s fuirbher reduction does not lead to the formation 
Mn(IV) as has heen discussed e a r l i e r . This route i s inh ib i ted 
by hydrogen ion concentrat ion. 
Bl: Mechanism 
Route B 
The protonated amino acid may form complex with monomer, 
dimer and a l l other aggregates of the sur fac tan t , g iving. 
•^ R'COOH + SDSjJ" ^ ° ^ ^ "^R'(SDs(j'^ ~-'-^ )COOH 
(n) 
439 
The complex ( I I ) i s g e n e r a l l y n e g e t i v e l y dtiarged t h e r e f o r e , 
i t appear s t h a t the a t t a c k of permanganate ion w i l l be i n h i b i t e d 
and o x i d a t i o n w i l l t a k e p l ace by t h e a t t a c k of HMr,. There fo re , 
t h e mechanism f o r rou te B w i l l be , 
•R'COOH + SDS^' ^ ° ^ . •*'R'(SD3^°*"^^ )COOH ( l b ) 
( I I ) 
I I + HM^ > •^R'(SDS^j'°'-^^ )C00* + H.M 
(2b) 
^R'(SDS^"'-^^")COO* ^^^^ > +R'(3DS^'^"^^"') + CO, m m c. 
(For d e t a i l s of Mechanism see page471) 
CI : Derived Rate Express ion f o r Route B 
d[Mn(VII)].^4.^T ^ im 1^ -
_ d^ ; ^ ^ ^ ^ = krR'(SD4°'""^^ )GOOE]iEErj] ( ic) 
= kK^i)s["*"R'COOH][SDS^"][HM^] (2c) 
= ^SDstSDS^"^ t" '^ ' ^^°^^otMn(VI l ) ]^^^^ l (3c) 
= k . ^ [ M n ( V I l ) ] , ^ , ^ ^ (4c) 
This shows that this path will be independent of hydrogen 
ion concentration and as H2Mg is being formed in the reaction 
medium, therefore, it will lead to the formation of free Mn(IV) 
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as proposed e a r l i e r and f i n a l r a t e e x p r e s s i o n w i l l b e . 
d[Mn(VII)] 
t o t a l 2f 
dt 
f ki 
I^UMn(YII)] ,^ ,^ (50 
The above r a t e e x p r e s s i o n has been v e r i f i e d e x p e r i m e n t a l l y , 
Dl : S t r u c t u r a l Mechanism 
Using t h e g r a p h i c s we can e x p l a i n , 
Route A 
R- -GOOH + SDS ^SD3 
A' 
R COOH 
/lYSDS 
( I ) 
R—COOH + 0-MnO, 
f!\SD3 
R-|~00(f + SDS" 
y r 0-Mn(0)20H 
R-|-G0(? - l§st^ a— 
^ 0-Mn(0)20H 
+ CO, 
/ r 0-Mn(0)20H 
(For details see page ±7^ 
RESULTS AND DISCUSSION : OXIDATION OP SERINE 
Route B 
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HOOC-
A 
COOH + SDS: m HOOG- t GOOH 
m 
( ir) 
HOOC- •COOH + HM 7 
K (SDS) (m-D-m 
HOOG -CO(f + H2M6 
(SDS) (m-D-
m 
HOOG •GOO f a s t » HOOG-
A (SDS) 
(m-D-
m 
+ GO, 
/K (SD3)i"-^)-
( For d e t a i l s aee page 477) 
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The following graphics and abbreviations have been used in 
the text. 
S or SCOOH or ft-f-COOH :^ Serine 
S COOH or R-
A 
COOH 
3-^  
= > ^  
protonated serine 
H H H 
^-5 HO-C-C- or Br—Q— 
S'^'QoS ±>R- •000* 
A^  
( f r e e r a d i c a l 
a t COO* group) 
3^ 
R 
R-
+ A 
(F ree r a d i c a l at 
carbon) 
: ^ -CHjOH 
R' 
^R'O 
H H 
t I 
:f> HOOC-0 - C-
I . I 
M ^ H 
H H 
+' 
3 
^ H O o a - 5 - ^ ^ 0 -
Giy^ : ^ HOOC— • 
A* 
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A : Obseirved Kinetic Features in the Absence of 3D3 
The oxidation of serine in the absence of surfactant follows 
the same i^ ate law as was observed in the case of glutamic acid. 
525 From the plots between k\z, vs time, we have calculated kr,. From 
^ cor ' 7 
the plots between A vs time passing through a maxima, it is 
apparent that Mn(IV) is appearing as a reaction intermediate from 
one of the parallel reaction paths leading to the reduction of 
Mn(VII) to Mn(II). The reaction is found to be first order with 
respect to the concentration of serine and dependence of k,, is 
given by, 
k^ = 1.5x10"^ [3] 
The p lo t between kr, vs l/LH ] i s found t o be l i n e a r with a 
pos i t ive in tercept showing the piresence of two p a r a l l e l r eac t ions , 
the overa l l r a t e expression may be wr i t t en a s , 
d[Mn(VIl)] 
dt = ^7^^7^total (1^ 
where, 
ii-ry [S] 
The above equation has been ve r i f i ed from the p lo ts between 
k^ vs [S] and k,, vs I/LH"*"] which are found to be l i n e a r . From 
the behaviour of maxima at different serine concentra t ions , we 
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find that the consecutive reaction involving Mn(I?) falls in the 
category 'ed'. Therefore, we have been assumed that the first 
term in the above equation (2) represents the rate constant for 
the formation of Mn(lV) giving, 
k^ f = 3.9x10""^  [S] 
Whereas the second term gives the r a t e constant fo r the reduction 
of Mn(VII) to Mn(ll) without involving Mn(IV) we can wr i te , 
2^f = ^ 'f^f^ L3] 
using k.^  and t we have calculated the value of Tj-^ y* K ^ ^ 
k.^ at different [s] and [H"^], (Vide Tables 1 and 2). 
B : Mechanism 
It may be recalled that in the case of glutamic acid we 
have assumed a reaction path in which carboxylic group in R 
of the amino acid is attacked. The R group in serine is polar 
and uncharged and is equivalent to primary alcohol. Therefore, 
we assume that OH group is attacked by MnOT and HMnO. both, and 
the molecular electron transfer pix)cess determines the rate of 
the reaction. Therefore, this reaction path will be independent 
of hydrogen ion concentration. As we have explained earlier it 
is this reaction path that produces Mn(lV), with this inview 
we can write, 
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Route A 
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H'OH + M 7 
il'OH + HMr 
1 # 
-—> •'•R'O + HM: 
-—> '^R'S + E^yi^ 
R'O f a s t 
-^  HCHO + Gly 
nL 
Gly"^ + S'^ COOH ^^^"^ > Gly'^H + 3*^000* 
S^COO* 
H2Mg + S + H2O 
• ^ ^ ^ ^ CO2 + s-' 
^^^^ > S'^ OH + H3M5 
S+OH ^^ "^*^  > 2HCH0 + NHt 
4 
H^M^ + Mn^"^ + H"^  ^^^^ > Mn^ "*" + Mn(lV) 
S'^ COOH + Mn^ "*" + H2O 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
^^^'^ > 2HCH0 + CO2 + NH^ + Mn^ "^  + 2H'^  (9) 
S'^ 'COOH + Mn(lV) + 2R^ ^^^'^ > 2HCH0 + CO2 + NH^ + Mn^ "^  + 3H2O (10) 
G : Derived Rate Express ion f o r Route A 
"*'R'0H used i n t h e mechanism i s p ro tona ted s e r i n e , S'^ COOH. 
The symbol "^ R'OH has been used t o show t h a t OH group p resen t 
i n R group of amino ac id i s being a t t a c k e d . 
d[Mn(YII)] t o t a l 
d t ^<k^[K~] + k2[HM^] >[3'^C00H] ( l a ) 
498 
Assuming,that k-, and kp are similar, 
= k^ ^ [s'^COOH][Mn(VII)]^Q^^ (2a) 
= k^ f [Mn(VII)]^^^^ (3a) 
i f SCOOH or S i s t o t a l l y protonated. 
^4f = H f ^^ 0^ (4a) 
B : Mechanism 
Route B 
I t i s assumed t h a t an a c i d - b a s e complex ( I ) i s formed which 
subsequen t ly undergoes i n n e r e l e c t r o n t r a n s f e r . 
S"^ GOOH + M ; — Z ^ S ( M ^ ) C 0 0 H ( l b ) 
K. ( I ) 
S'^ COOH + HM^ '^^ •, S(M )^COOH + H"^  (2b) 
( I ) 
k* 
S(My)GOOH — > S(HMg)COO* (3b) 
S(HMg)COO + HgO ^^^^ •) GO2 + S(H2M5)OH (4b) 
S(H2M5)OH + 4H+ + S"*'COOH ^^^^' •> CO, + 4HGH0 + 2M+ + Mn5+ 
^ 4 
+ 2H2O (5b) 
C : Derived Rate Express ion fo r Route B 
For S(M )^COOH we can w r i t e a s , 
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S"^ COOH + Mn^ "** + H2O •^ HCHO + Gly"^ + Mn^ "*" + H"*" 
2Gly^ + H2O -> Gly"^H + NH^ + HCHO + GOg 
(6b ) 
(7b ) 
K 
s^ GooH + M: 73 S(M )^GOOH ( l b ) 
s GooH + HM: ^73 :^ S(M )^GOOH + H"^  (2b) 
S(M^)G00H '—^ (3b) 
'^^7^total = ^'^1^ "^  ^^1^ "^  [S(M^)COOH] ( I c ) 
[ S ( M 7 ) G 0 0 H ] [ S ( M 7 ) G 0 0 H ] [ H " ^ ] 
_ - i _ i + L—_ + [s(M7)G00H] 
[S'''COOH]K^g K^g[S^GOOH] ' 
[S(M^)GOOH] 
[3"^ GOOH] 
/ - i - . [H^] 
K Ki 
+ [S'^GOOH] ] 
73 ^^ 73 
y 
[3(M^)C0aH] = [^^7Jtotal [S^CQQH] 
r J ^ + I l l l + [s+cOOH] 
^73 ^73 
( 2 c ) 
(5c) 
(4c) 
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^73 "*• ^73 C "^*"] + ^73^73 C '^^ 'COOH] 
put t ing the value of [S(Mr,)COOH] in the r a t e expression we get , 
(6c) . i [ ! ^ i ! i £ l l t o t a l ^ ^2^^7^totaJ^''QQQ^]^7S^7S 
^^ K^g + K^g[H+] + K^gK^g[S'^ COOH] 
Assuming Zrj[E^]:^Wj^ + Kr^K^[s'^ COOH] > 
^ J 
i f K:Xg<?; 1, we can simplify the above equation t o , 
k - 2S_2_^ a (7c) 
= k' [SCOOHj^ fH"*"] (8c) 
where. 
2 
k' = K^g k^ (9c) 
Therefore, this path will be inhibited by hydrogen ion concen-
tration and the total rate expression may be written as, 
d[Mn(YII)]. . , 
dt =^7t^^(™)3total (10^) 
= t^f + ^ 3fS000H]jMn(VII)],^,^-L (lie) 
The above rate expression is experimentally verified by plots 
k^ vs [SCOOHJ^ j and k^ vs I/CH"^] (Figs. 1 and 2). 
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(/) 
1^ 
X 
k^=1-5X10 CS3 
0 0-02 004 006 008 
CSJmoldm 
Figure 1 Plot of k.^  vs. CS] in the absence of SDS 
Temp=30°C. CH*3 = 0-1moldm~^, p =0-20 mold m^. 
- A 
-3 CMnO^3 = 2X10 moldm , SDS = nil 
502 
I 
lO 
1 , 
X 
8 
0 
0 
-5 
k=3-9X10 +1-8X10 
J_ 
r6 / t H -
8 12 16 
l/CH^lmoldm"^ 
20 
Figure 2 Plot of k^ vs 1/CH*] in the absence of SDS 
Temp. = 30*^0, CSJsO-OAmoldnrT'^ , |j = 0-20moldm"^, 
CMnO^ := 2X10~^moldm"^, CSDS3 = nil 
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D : S t r a c t u r a l Mechanism 
Using t h e g r a p h i c s we can e x p l a i n . 
Route A 
HOOC-
1 
-OH + M: •> HOOCr 
1 
4 - ( ? + 5-Mn(0)20H 
HOOC-
A 
-OH + HM 
n 
HOOC-
7 
-0 
-» HOOC-
*A 
0 + H0-Mn(D)20H 
f a s t 
» HOOC—f» + HCHO 
A* A 
HOOO-
% 
•+ HOOO-
A 
OH ^^^"^> HOOC-
A 
H + OO2 + E-
A 
( g l y c i n e ) 
(See Ref .28 
f o r glycine 
and Ref .4 
f o r GOO* 
r a d i c a l ) 
H2O + H0-Mn(0)20H + HO-f f a s t -> HO-
A' A 
-OH + HjM^ 
HO-
A^  
^H ^^^^ > 2HCH0 + m t 
4 
(H0)5Mn=0 -»- Mn^"^ + H"^  ^^^^ > Mn^"^ + Mn(lV) 
HO-
A^  
•COOH + Mn^"^ -I- H2O ^^^'^ > 2HCH0 + CO2 + N H J + Mn^"^ + H"*" 
504 
HOH—h—COOH + Mn(IV) + 20^ ^^^^ > 2HGH0 + GO2 + Ifflt + Mn^ "*" 
+ 3H2O 
Route B 
K-
HO-
A" 
73 
-COOH + O-MnO^ — 5. HO- -GOOH 
,r—O-MnO, A 5 
HO- -COOH + HO-MnO, ^^ ^ HO-k 
-COOH + H 
,r—O-MnO^ 
HO- -COOH 
k-
•^ HO-
/--O-MnO^ 
-COO 
.•—0-Mn(0)20H 
HO- -GOO* + + H2O ^^^^ > GO2 + HO-
yr-0-Mn(0)20H /K 
-OH 
—0-MnO(OH 
HO-
/r° 
OH 
-MnO(OH) 
+ 2H"^  ^^^"'^> GO2 + NH^ + 2HGH0 
+ Mn^ "*" + 2H2O 
HO-
A 
-COOH + Mn^ "*" + H2O ^^^'^y HCHO + HOOC- • +Mn 2+ 
A^  
(Giy) 
2H00C—4« + H2O ^^^^ •> HOOC-
A^ 
-E + HCHO + CO2 + m^ 
k 
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HOOC- + R- -COOH ^^^"^ > HOOC-
n 
M A^  
-H + R-
A" A-
-GOO 
Cyclic Chain 
Reaction 
R-
-coo f f a s t -> R- ! • + CO, 
k A 
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Al : Observed Kinetic Features in the Presence of SDS 
The oxidation of serine in the presence of surfactant (SDS) 
shows some striking differences, on comparing with the reaction 
in the absence of surfactant. It may be noted that incase of 
glutamic acid the reaction kinetics and mechanism did not change 
in the presence of SDS. It is found that the oxidation of serine 
is first order with respect to [Mn07] and [s] but the behaviour 
of the reaction rate on hydrogen ion concentration is drastically 
changed. It is found that k,, vs [H"*"] is linear with a positive 
intercept, i.e., the reaction rate is accelerated with the increase 
in hydrogen ion concentration. Furthermore, the behaviour of the 
maxima observed at 420 nm at different [H ] shows that the maxima 
appeals early but its value remains more or less same as hydrogen 
ion concentration is increased. We believe, that in the presence 
of micelles (SDS) the consecutive reaction path [Mn(VII) >• 
Mn(lV) > Mn(Il)] belongs to the category "es". This shows 
that the rate constant for the formation of Mn(IV), k.^, should 
increase with increasing hydrogen ion concentration. Therefore, 
we assume that k.» in this case is, 
k^ = k^^ =1 5.8xl0~^ + 3.9xlO"'*[H"^] I [S] 
with this value of k.^  we have calculated T^^Qjrf Y\ and k^ ^ for 
the consecutive reaction path (Vide Tables 3 and 4). 
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Bl : Mechanism 
We understand that the effect of micelles on the reaction 
can be explained by making slight modifications in the reaction 
paths proposed earlier. 
Route A 
•*"R'OH + SDSjJ"" - g ^ •*"R'OH-(SDS)^ °'~^ "^' (l) 
(X) 
"^ R'OH~(SDS)i'"~-'-^  + H"*" + HM„ — ^ — ^ H,M. + '''R'O* + H-SDsi'^ ""-'-^ '" (2) 
'm 7 2 6 m 
(See Ref.27 f o r 0 
f r e e r a d i c a l ) 
+Ri^ _ l a s t ^ HCHO + Gly"*" (3) 
2GlJ"^ + H2O ^^^"^> Glycine + HCHO + CO2 + NH^ (4) 
(See Rgf.28 f o r 
g l y c i n e from s e r i n e ) 
S'^ COOH + E^K^ + H2O ^^^"^> CO2 + 2HCH0 + NHJ + Mn(OH)^ 
(5) 
S"^ GOOH + Mn(OH)^ + 2H'*" ^ ^ GO2 + 2HGH0 + 1^4 + Mn^ "^  
+ 5H2O (6) 
Gly"*" + s^ COOH — ^ Glycine + s"** COO 
s*'coo -^ co^ + s' 
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CI : Derived Rate Expresaion for Route A 
'^^ ^ to ta l ^ k[HM^][X][H^] ( l a ) 
= kKgj,g[SD3^"]["^R'0H][H'^][HM-^] (2a) 
where "^ R'OH is protonated form of serine, as we have assumed 
that serine is completely protonated, therefore, we can write 
for •*'R'OH as [SCOOHj^ or [s]^. 
d[Mn(VIl)]^.._T ^ ^ ^ [E'^^Krj^ 
_ _ t o t a l ^ i^^^^CsDS;; ][sGOOH],-^—-g^ C^-(™)]total 
(3a) 
Our assumption i s , 
K ^ [ H ^ ] > 1 
d[Mn(7II)]. .^-, 
dt = l^SDsCs<'"][SCOOH]jH-^][Mn(VIl)],^,^^ (4a) 
= k ' [ M n ( V I I ) ] , ^ ^ ^ (5a) 
Bl : Mechanism 
Route B 
The second reac t ion involving an acid-base complex between 
protonated ser ine and M^  or HM^  i s also modified in the presence 
of the sur fac tan t . The protonated serine forms an acid-base 
complex with the micelle and t h i s complex i s at tacked in bimolecular 
51J 
e l e c t r o n t r a n s f e r process by KZ as we l l as HMr,. 
S'^ 'GOOH + SDSf" m 
^SDS SCSBS)^"*"-^^" COOH (lb) 
S(SDS)^"*'"-'-^ COOH + M:^  
SCSDS)^"^"-"-^ COOH + HM^ 
-—> SCSBS)^ """"-^ ^ CO(f+HMg (2b) 
^b 
-> 3(303)^"^""-^^ G00*+ ^2^ (5b) 
(See Ref .4 f o r COO* 
r a d i c a l ) 
H2Mg + S(SDS)^"^"-'-^ G0(? + H2O ^^^^ > CO2 + 2HGH0 + M ^ + H^M^ 
(4b) 
(5b) 
+ SDS m-
m 
H^M^ + H"^  + Mn^ "^  ^^^^ > Mn^ "^  + Mn(IV) 
Mn^ "^  + 3"^ COOH ^^^"'^ •"> HGHO + Gly" '^ + Mn^ "^  + H"^  (6b) 
2H'^  + Mn(IV) + S'^ COOH ^^^'^•^ 2HCH0 + NH^ + Mn^ "^  + 3HpO (7b) 
2GlV + H2O ^^^^-» Glycine + HGHO + M ^ + CO2 
(8b) 
Since the reaction mechanism involves KZ it is quite 
inorder that this reaction path will become independent of 
hydrogen ion concentration. The rate expression for this path 
'b' may be deduced as: 
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CI : Derived Rate Express ion f o r Route B 
d[Mn(VII)] 
H o t a l 
d t = k^[M~3 + k^[HM^] [S(SDS)^°'~^^ GOOH] ( I c ) 
P u t t i n g t h e va lues of [MZ] and [HM,,] i n terms of 
[Mn(VII)] . . n and f u r t h e r assuming t h a t 'k-.^'k.l^, we g e t , 
d[Mn(VII)].^+^T 
d t = ^b^SDst (S^S^m"J tSCOOH]jMn(VII ) ] ,^ ,^^ (2c) 
= k" [ M n ( V I I ) ] , ^ ^ ^ (3c) 
where, 
The deprotonation of R group in amino acid by a base has 
29 been suggested by other workers . Therefore, our assumption 
that micelle has a similar effect stands supported by literature. 
The negetive charge developed on OH in serine prevents oxidation 
by permanganate ion (MnOT) and therefore, we have assumed that 
HMnO, is the reactive species. The involvement of HMnO. under 
the given condition of acidity (Kr^[H''"]^^k(assumed elsewhere), 
will lead to a rate expression which will not be dependent on 
hydrogen ion concentration. However, we believe that the 
interaction between HMnO. and (X) must be proton catalyzed as 
is envisaged in step (2) of the mechanism. 
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On combining t h e r a t e e x p r e s s i o n s f o r t h e two r e a c t i o n 
pa ths we g e t , 
dCMn(VII)] t o t a l 
dt 
[ M n ( V I I ) ] , ^ , ^ ( 5c ; 
^SDS*-" -• • ^b'^SDS r " m ^^ ^o 
xCry ^ k Kg^g[H^] + k^K^35g^[3DS^-][SGOOH]jMn(VII)]^^^^ (6c) 
The above r a t e e x p r e s s i o n h a s been e x p e r i m e n t a l l y v e r i f i e d 
by p l o t s between k„ vs [SDS], k„ vs [S] and k„ vs [H"^] which a re 
found t o oe l i n e a r (Vide F i g s . 3 ,4 and 5 and Table 5 ) . 
Dl : S t m c t u r a l Mechanism 
Route A 
Using t h e g raph ic s we can e x p l a i n , 
K. 
HOOG-
A 
-OH + SDS^" 3 5 L HOOCH ^H—(SDS)^"^""^^" 
m 
% 
(X) 
HOOG-
% 
-OH- m HM^ —^—> H2MnO^ + HOOG-
A 
+ H S D s ' " - ^ ^ -
m 
HOOG-
A 
f a s t > HOOG—!• + HGHO 
A 
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i n 
I, 
(/) 
k7=2-2X10"^CSD 
0 002 0-OA 0-06 0-08 
CSDmoldm"^ 
Figure 3 Plot of k-j vs. CS3 in the presence of SDS 
Temp. = 30°C . CH*3 = 0-10moldm"^, fj =0-20moldm^, 
CMnO" ]= 2X10~'^ moldm~ ,^ [SDSD = 0-01moldm"^ 
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I 
I , 
2£ 
16 -
12 
8 
k7= 5-8X10 ^* 3-9 XIO" CH*] 
± 
0 0-05 0-10 0-15 
CH^DmoldrTr-^ 
0-20 
Figure 4 Plot of ky vs CH ] in the presence of SDS 
Temp. = 30°C.CS] = 0-04 moldm"^, 
p = 0-20moldm"^, CMnO^ D= 2X10~^moldm" , 
CSDS] = 0-01rr5oldm - 3 
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I 
(A 
'o 
r— 
X 
k^=1-1X10 CSD53 
0 001 002 0 0 3 
C SDS D 
004 
Figure 5 Plot of k^  vs. [SDSJ 
-3 -3 Temp.= 30 C.CS3 = 0-05moldm ,CH]=010moldm , 
/j=0-20moldm"^, CMnO": = 2X 10"^moldm~^ 
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Table - 5 : Dependence of Observed Rate Constant On the Concentration 
of SDS 
[SDS]moldm -3 
max. 10'\ax.(^«°) kr^S 
-1 
0.01 
0.02 
0.03 
0.04 
0.37 
0.31 
0.32 
0.34 
51 
33 
27 
15 
1.1x10 -4 
2.2x10 -4 
3.6x10 -4 
4.9x10 -4 
Temp. = 30°i [s] = 0.05 moldm"^, [H"^] = 0.01 moldm"^, \i = 0.20 moldm"^, 
[MnO~] = 2x10"^ moldm"^. 
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2H00C-
/K 
• + H2O -^^^^ ^ HOOG-
+ A^  
-H + HCHO + NH4 + CO2 
E^l^nO^ + HO-
A 
-GOOH + HgO ^^^"'^> GO2 + 2HGH0 + NH^ + Mn(0H)4 
HO-
k 
-GOOH + MnlOH)^ + aH"^  ^^ > CO2 + 2HCH0 + M ^ + Mn^ "*" 
+ 3H2O 
Route B 
HO-
/K 
-GOOH + SD3°J~ _ 5 ^ Ho-
rn __ 
A 
-GOOH 
, ( m - l ) -
-SDS 
m 
HO-
HO-
-GOOH + M^ ^^-^ HO-
A ^ 
k ' 
-GOOH + HM,^  — ^ HO-
-GOO* + 0-Mn(0)20H 
r 3DS (m-D-m 
A: -SDS 
(m-D-
m 
-GOO + H2Mn04 
/r SDS (m-D-m 
H2Mn04 + R-
A 
•GOO* + H2O - ^ ^ ^ GO2 + 2HGH0 + NHJ + 0=Mn(OH), 
( m - D - + SDS?~ 
-SDSl"^ ^^ 
m 
m 
0=Mn(0H)5 + H"^  + Mn "*• ^^^^ > Mn^ "^  + Mn(IV) 
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Mn^"^ + R- -COOH fast 
k 
-^ HCHO + HOOC-^ + Mn^ "*" + H"*" k 
ZH"*" + Mn(IV) + R-
1 
-GOOH ^^^^ •> 2HCH0 + NH^ + CO2 + Mn^ "*" + 3H2O 
2H0- t + H2O f a s t •» HOOG-
k* 
-E + HCHO + NHJ + GO2 
/C 
iiBSULTS AND DISCUSSION : OXIDATION OP TRYPTOPHAN 
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The following graphics and abbreviations have been used 
in the text. 
W o r ¥COOH o r R-
-GOOH > Tryptophan 
A 
W* or W^ COOH or E-
A^  
-COOH :^ protonated form of 
Tryptophan 
W^  >R-
K 
W'*"H ^S~ -H 
A 
W*"COO 
w-^  
-R- -cod 
k 
:^R-f« 
R 
H 
4 
-0-
I 
H 
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A : Observed Kinetic Features in the Absence of SD3 
The kinetics of the oxidation of tryptophan was followed 
by stopped-flow spectrophotometer, at different hydrogen ion 
concentrations and in the temperature range from 25 to 35 . The 
reaction was found to be first order with respect to fpermanganate 
ion]. The plot between In (Signal Volts) vs time, measured at 
525 nm, was found to be linear. The pseudo-first order rate 
constant, kr,, was calculated by a computerised programme (Vide 
Tables 1 and 2). 
Table - 1 : Dependence of Observed jRate Constant on the Concen-
tration of Tryptophan 
[W]moldm ky s 
0.01 93.46 
0.02 152.30 
0.03 176.80 
0.04 199.40 
0.08 218.30 
Temperature = 30°; [H"^ ]= 0.10 moldm""^ , 
H = 0.20 moldm"^, [MnOT] = 2x10"'^  moldm"^, 
[SDS] = Nil. 
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Table - 2 : Dependence of Observed Rate Constant on [H ] 
[H'*']moldm~^  k^ s"-"-
0.05 130.80 
0.10 152.50 
0.15 216.20 
0.20 228.40 
Temperature = 30°i [W] = 0.02 moldm"^, 
\i = 0.20 moldm"^, [MnO~] = 2x10"^^ moldm"^, 
[SDS] = Ni l . 
Furthermore, v»hen the r eac t ion was followed at 420 nm 
the plot between (Signal Volts) vs time indica ted the formation 
of Mn(IV) as a reac t ion product (Vide Fig , ft). The plot between 
l/]£rj vs l / [w] was found t o be l i n e a r ind ica t ing a complex f o r -
mation between tryptophan and Mn(VII) (Vide F ig . 1 ) . The 
oxidation of tryptophan appears to be very di f ferent from the 
oxidat ion of other amino ac ids . Only in the case of tryptophan 
i t has been observed t h a t the f i r s t order r a t e cons tant , k^, 
increases with concentrat ion of hydrogen ion even i n the absence 
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(/I 
0012 
0-008 
0-OOA -
0 
-*3 -5 
l / k 7 = 3AX10 • 6-5X10 /CW3 
20 100 40 60 80 
l/CWDmoldrrT^ 
Figure 1 Plot of l/k-y vs . l /CWD in the absence of SDS 
Temp.= 30°C, CH*] =0-10 moldnrr"^, j^ = 0-20moldnrr^ 
CMnO^]= 2X10~^moldm"'^, CSDS]=ni l 
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of su r fac tan t . In a l l other cases, as has been reported e a r l i e r , 
hydrogen ion concentrat ion par t ly inh ib i ted the r e a c t i o n . The 
plot between l/k,, vs I/CH"^] was found t o be l i n e a r (Vide F i g . 2 ) . 
The overa l l observed ra te expression i s , 
k2 + k^ LH"*"] + k^Cw] dt ' ° ' ' = , . . / . . . . . , . , . rMn(VII)], , ,^, 
B : Mechanism 
The observed k i n e t i c f e a t u r e s can be exp la ined by s l i g h t 
m o d i f i c a t i o n i n t h e mechanism proposed f o r o t h e r amino a c i d s . 
W'*"OOOH + M~ ^ ^ W(My)GOOH ( l ) 
W'*"GOOH + HM^ — ^ W(M )^COOH + H"^  (2) 
k 
¥(M^)COOH + H"*" ^ \l{E^}il^)(JQO^ (3) 
(See Ref .2 and 5 
f o r G00+) 
W(H2M5)GOd*"+ H2O > GO2 + W(H2M5)OH + H"^  (4) 
(See Ref.2 f o r Mn(V) 
and GO2) 
¥(H2M5)0H ^ RGHO + NH^ + H^M^ (5) 
(See Refs.2 and 4 
f o r RGHO and NH+) 
H^M^ + Mn^ "^  + H"^  > Mn^ "^  + Mn(IY) (6) 
(See Ref.5 fo r i n t e r -
a c t i o n fo r Mn(II) 
and Mn(V)) 
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I 
0-008 
0 0 0 6 
0-OOA 
0-002 -
0 
0 
- 3 r 4 
l / k ^ = 3-3X10 • 2-1 X10~ / C H * 3 
10 15 20 
1/CH*3moldm .-3 
Figure 2 P lo t of l / k - , vs . 1 / L H * ] in the absence of SDS 
Temp.= 30°C . CW3 = 0-02moldm""^, ju = 0-20moldm"^ 
CMnOr3 = 2X10'^moldm" '^ , S D S = n i l 
4 
W'^ COOH + Mn^ "*" 
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-» W^COO* + Mn^ "^  + H"*" (7) 
(See R e f s . l 4 and 15 
f o r COO*radical) 
W^COO' 
W"^  + W'*"COOH 
W^COO 
i** Mn^"^ + H2O 
a n d / o r 
2W'*' + H2O 
•> W^ + CO, 
•» W'^H + ¥"^000* 
•^ CO2 + W'^  
(See Refs . 4 and 6 
f o r G*radica l and 
GO2) 
(8) 
Cycl ic Chain Reac t ion 
•^ Mn^ "^  + RCHO + NH^ + H"^  + Mn^ "^  (9) 
(See Refs . 7 to 14 
f o r metal i n t e r -
a c t i o n with C*free 
r a d i c a l ) 
•¥ W"*"! + RCHO + NH^ 
4 
(amine) 
(10) 
(See Ref.l6 for amine) 
C ; Derived Rate Expression 
From the literature on the oxidation by permanganate it 
is apparent that the hydrogen ion catalyzed reaction involving 
direct interaction of MnOT are not found. Only in reactions 
17 involving Mn(lII) or Mn(lV) the hydrogen ion has been reported 
to increase the reaction rate. In our earlier discussion we have 
pointed out that the concentrations of MnOT and HMnO^ can be 
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r e p r e s e n t e d i n terms of [Mn(VII)] , . , a s , 
t o t a l 
_ fMn(VII)]. 
^ 1 + Ky^[H^] 
and 
K^lH"^] 
I t i s obvious t h a t i f K ^ C H " ^ ] ^ ! , t hen [MnO~] w i l l 
dec rease with i n c r e a s e i n [H ] whereas t h e [HMnOT] w i l l become 
independent of t h e c o n c e n t r a t i o n of hydrogen i o n . There fo re , 
t h e i n c r e a s e i n the r e a c t i o n r a t e wi th t h e c o n c e n t r a t i o n of 
hydrogen ion cannot be exp la ined , only i n t e rms of i n t e r a c t i o n 
i n v o l v i n g MnOT or HMnO. or any d e r i v a t i v e of Mn(VII) as t h e 
r e a c t i o n s p e c i e s . I n view of t h i s i t i s assumed t h a t hydrogen 
i on involved i n s t e p (3) i s c a t a l y z i n g the r e a c t i o n . 
For HWM,^ , 
d [Mn(VI I ) ] . „ . „ , 
[Mn(VIl)]^Q^^l = [M:^] + [HM^] + [W(M^)COOH] 
[W(M7)C00H [W(M7)C00H] 
= _ - _ J + - — - J + [W(M7)C00H] 
[W"*'COOH]K [W'^COOHjK' 
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[W(M7)G00H] 1 [H"^] 
- i ( - + + [w'*"COOH]) 
[W^COOH] K K» 
[W(M,^ )COOH] K' + KEH"^] + KK'CW^COOH] 
[W'^ COOH] KK' 
KK' 
[W(M„)OOOH] = [Mn(VII)] . . , [W+COOH] 
The re fo re , 
d[Mn(VIl ) ]^^^^^ k2[H^] 
KK'[W'*"GOOH][Mn(VII)]. 
^* K'+K[H"^J+KK'[W"*'G00H] * ° * ^ ^ 
(2c) 
Assuming t h a t amino a c i d i s completely p ro tona ted 
d [ M n ( V I I ) ] ^ ^ ^ _ . ^2^^"^ 
K ' + K [ H ' ^ ] + K K ' [W] 
dt = ^ ' . . • . . r . . ^n . .^ . .n . ,n ^W] j M n ( V I l ) ] ^ ^ ^ ^ ^ (3c) 
o 
giving, 
K = h (4c) 
' K' + K[E^] + KK'[W] ' 0 
a t cons tan t [H ] 
lX.ry — 
where 
% = 
K' + K[H*] 
KK'k,[H*] 
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or 
from the (Fig. 1), 
1/k^ = 3.4x10"^ + 6.6X10"'^/[W]Q 
Similarly at constant [wj^, equation (4c) may be arranged as, 
k = (5c) 
^ k, + k- [H-^ ] 
A A^ 
where, 
k| = l/k'k2[W]Q 
1 + K[W] 
k, = ^ 
^ Kk2 [¥]^ 
The reciprocal of reaction step (5c) can be written as, 
1/k^ = ki + ^A^^""^ ^^°^ 
from the (Fig. 2), the equation (6c) stands verified, giving, 
1/k^ = 3.5x10"^ + Z.IXIO'VLH"*"] 
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D : S t r u c t u r a l Mechanism 
Using t h e g r a p h i c s t h a t a cross " 
r e p r e s e n t s C 
and o t h e r i n t e r s e c t i o n s t r i v a l e n t and p e n t a v a l e n t r e p r e s e n t s N, 
we can w r i t e as under , 
R—J—COOH + MnO; K R- -COOH 
Jr -MnO. 
R- K' -COOH + HMnO, "" ^ R-
i' 
-COOH + H' 
^ - M n 0 3 
R-
0 
II 
-C-O-H 
0 
slow » R-
ir—0-Mn 
0 
) 
0 
u 
OH 
/ 
il—0-Mn 
R-
0 
-C-0 + H2O ' ^ ^ > R-
, - - 0 - M n O ( O H ) p 
/ \ r 
)H 
•O-MnO(OH), 
+ CO2 + H 
R- -OH f a s t RCHO + NH^ + Mn(V) 
/T -MnO(OH), 
H0-MnO(OH)2 + Mn^ "^  + H"^  - £ M i > Mn(II I ) + Mn(IV) 
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R-
A 
-GOOH + Mn(II I ) ^^^^ > R- -GOO* + Mn(II) + H"*" 
A 
R- -co(T f a s t » R-
A A 
• + CO, 
R—[• + Mn( l I I ) + H2O ^^^"'^> RCHO + Mii(ll) + H"^  + NH^ 
k 
R- • + R-
k 
-GOOH ^^^"^> R-
A 
•41 + R-
A' A" 
-coo 
Cyclic Chain Reaction 
R- •coo* - £ M 1 ^ i i_i . + GO, 
A' A 
and/or 
2R-
A' 
• + H2O f a s t » R- •fl + RCHO + NH' 
A 
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Al : Observed Kinetic features in the Presence of SDS 
In comparison to the reaction in the absence of surfactant, 
the oxidation of tryptophan in the presence of sarfactant shows 
changes with respect to the dependence of the observed rate constant 
on the concentration of hydrogen ion. Other kinetic features of 
the reaction, however, remain unchanged. The reaction is found to 
be first order with respect to [MnOT] and with respect to 
[Tryptophan]. From the study of the reaction at 420 nm it is found 
that the plot between (Signal Volts) vs time indicated the formation 
of Mn(IV) as a reaction product (Vide Fig. A ) . However, the 
stoichiometry of the reaction shows that only 3 moles of CO2 are 
produced and 3 moles of amino acid is consumed per mole of permanga-
nate ion consumed in the reaction. 
In the oxidation of tryptophan, without surfactant, we 
have proposed a reaction mecshanism involving an acid-base complex 
formed between protonated tryptophan (W ) euid HMnO, or MnOT and 
followed by proton catalyzed decomposition of the complex. In the 
presence of surfactant it is found that the plot between k,, vs [H^] 
is 3-inear without giving any positive intercept (Fig. 3). This 
indicates that the reaction involves only one reaction path even 
in the presence of the surfactant. With the modification that 
perhaps the equilibrium (l) proposed earlier is shifted towards 
left in the presence of surfactant i.e. K<^1, the mechanism for 
m 
u 
•^.-a 
H 
e 
c 
o 
11 
1 ^ 
r-' 
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the reaction in the presence of surfactant, 
Bl : Mechanism 
W'^ COOH + M^ ^^ ^ W(M^)COOH 
W'*"GOOH + HM^ .^ '^ ^  W(M„)COOH + H"^  
W(My)COOH + H"*" ^ +. 
CI : Derived Rate Expression 
d[Mn(VII)]. ,^ , 
^ ^^^^ = k2[H"^][W(M^)C00H] 
The rate expression derived for the oxidation of tryptophan 
in the absence of siirfactant is , 
d[Mn(VII)] k [H-^ ] 
dt ^ ^ ^ = p ^•, , -K 7 KK'LW-'cOOHjEMnCVIl)] 
^^ K'+K[H^]+KK'[W^OOOH] ^ ° ^ ^ 
(2c) 
Introducing the modification that (K 1 ) , the equation (2c) wi l l 
be simplified to, 
d[Kn(VII)],„,^^ 
3 ^ - i 2 t a l =Kk2[w]jH^][Mn(VII)],„,^, 
535 
The above rate expression has been verified from the plots between 
krj vs [w] and k„ vs [H"^] which are found to be linear, giving, 
k^  = 25.6x10^ [W]Q (Pig, 5) 
and 
k^  = 4.5x10^ [H"*"] (Fig. 4) 
The behaviour of t h e observed r a t e cons tan t k,, a t d i f f e r e n t 
s u r f a c t a n t c o n c e n t r a t i o n s fo l lows a s i m i l a r p a t t e r n which was 
obseirved i n the case of i s o l e u c i n e . I t i s found t h a t when [SDS]<Ccmc 
t h e r e a c t i o n r a t e cons tan t dec rea se s r a p i d l y t o a minimum, t h e r e a f t e r 
as t h e c o n c e n t r a t i o n of SDS i s i nc r ea sed beyond cmc the r a t e cons tan t 
i n c r e a s e s but r a t h e r s lowly . Even when [SDS]^5 cmo, t h e r a t e 
cons tan t does not a t t a i n i t s va lue observed i n t h e absence of SDS. 
This behaviour i s d i f f e r e n t from t h e one observed i n t h e case of 
i s o l e u c i n e . In t h e case of i s o l e u c i n e i t was observed t h a t a f t e r 
i n i t i a l drop t h e observed r a t e cons tan t i n c r e a s e d r a p i d l y and when 
[ 3 D S ] ^ 4 cmc, t h e r a t e cons tan t i n t h e presence of s u r f a c t a n t 
becomes much l a r g e r as compared t o t h e r a t e cons tan t observed i n 
t h e absence of s u r f a c t a n t . There fo re , i t appears t h a t t he premi-
c e l l a r agg rega t e s (S^") a l s o foim a c i d - b a s e complex with t h e 
p ro tona t ed t ryp tophan (W^COOH). 
W"^COOH + SDSj" ^s=^W(SDsS";-'-)COOH pm pm 
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Figure 3 Plot of ky vs . CWD in the presence of SD5 
-3 Temp. = 30°C . CH*3 = O.IOmoldm" , yu =:0-20Tnotdm 
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Figure 4 Plot of k-j vs.CH 2 in the presence of SDS 
Temp. = 30°C.CW1 = 0-02nfTOldTTT ,^ | j = 0-20moldm"^, 
LMnO^:= 2 X10~'^moldm"^, CSDS3= O-Olmoldm""^ 
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__ -1 
However, the complex W(SD3^~ )GOOH, is probably an unreactive 
species and therefore, the reaction slows down since the concen-
tration of protonated tryptophan decreases in the reaction medium. 
However, it appears that the effect of micelle is to facilitate 
the formation of the complex with the unreactive species, 
WlSDS^"" )GOOH. It is not possible to give a detailed explanation 
with our limited observation. However, it is apparent that the 
micelle is simply modifying the reaction rate without changing 
the basic kinetic features of the reaction mechanism since rate 
constant k,, at [SDS]'?s^ 3 cmc approaches the observed value in the 
absence of surfactant, therefore, we tentatively suggest that 
micelle is somehow catalyzing the interaction between W(SDS^~ )GOOH 
and HMy. 
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FOLLOWING IS IHE SUMMARY OP VARIATION OF THE OBSERVED 
RATE CONSTANTS (k^) ON DIFFERENT FACTORS 
Table - 5 : Effect of the Concentration of Tryptophan on the 
Observed Rate in the Presence of SDS 
[Vjmoldm"-^  k^ s""^  
0 .01 27.15 
0.02 50.02 
0.03 75 .01 
0.04 101.05 
0.06 147.10 
Temperature = 3 0 ° ; [H"^] = 0.10 moldm"-^, n = 0 .20 moldm"^, 
[MnO^] = 2x10""^ moldni~^, LSDS] = 0.10 moldm"^. 
Table - 4 : Effec t of t h e [H"*"] on t h e Observed Rate Constant 
i n the Presence of SDS 
[H'^jmoldm"^ k^s"-^ 
0.05 23.00 
0.10 48.20 
0.15 66.08 
0.20 90.05 
Temperature = 30°; Lw] = 0.02 moldm"', ^ = 0.20 moldm"-^ , 
[MnO"] = 2x10"^ moldm"^, [SDS] = 0.10 moldm"^. 
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Table - 5 : Effect of Temperature on the Observed Rate Constant 
in the Absence of SD3 
[¥]moldm -3 Temperature 
25 30 35 
0.02 130.6 152.3 164.8 k^s'""'-
0.04 183.0 199.4 203.9 k^s"""-7^  
-1 0.08 201.3 218.3 237.3 k^s 
[H"^] = 0.10 moldm"^, \i = 0.20 moldm"^, [MnO"] = 2x10"^ moldm"^. 
[SDS] = Nil. 
Table - 6 : Effect of Temperature on the Observed Rate Constant 
in the Presence of SDS 
[w]moldm-5 ' Temperature ^ 
25 30 30 
1 
0.02 41.8 49.5 65.6 k^s 
0.04 79.3 98.9 120.5 k^ s""*" 
0.08 148.4 214.0 238.5 k^ s""^  
[H"*"] = 0.10 moldm^^, \i = 0.20 moldm"^, [MnO7] = 2x10"^ moldm"-^ , 
[SDS] = 0.01 moldm"^. 
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Table - 7 : Ef fec t of the Gonoentra t ion of SDS on t h e 
Observed Rate Constant 
[sDs: 
====: 
0, 
0. 
0. 
]moldm 
======; 
.01 
.02 
.03 
K-i-T S 
50.0 
101.6 
1 4 7 . 1 
Temperature = 30° ; [w] = 0.02 moldm"^, [H"*"] = 0 .10 moldm"^, 
[MnOT] = 2x10"'* moldm"^, n = 0.20 moldm"^. 
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COMPAHATIVE STUDY OP AOTIVATIOIT PARAMETERS 
IN THE ABSENCE AND PRESENCE OF SDS 
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Following is the summary of various activation parameters 
for the oxidation of different amino aoids with and without 
surfactant. 
Table - 1 : Activation Parameters of k^ -ug in the Absence of SDS 
Amino acid /\G^ kJmol""^  A H * kjmol -1 As"^ JK~-^ mol~-'-
W^  
0.95885x10-" 
0.10124x10^ 
0.96319x10^ 
0.10165x10^ 
0.62446x10^ 
0.51865x10^ 
0.42175x10^ 
0.52658x10^ 
0.39626x10^ 
0.10690x10^ 
-0.140637x10' 
-0.188707x10' 
-0.139492x10^ 
-0.198151x10' 
-0.168039x10' 
[a]= 0.02 moldm~',[b]= 0.06 moldm~^,[c]= 0.10 moldm"^, 
[d]= 0.03 moldm"^,[e]= 0.02 moldm"^, Temp. = 313°K, 
[H"*"] = 0.20 moldm"^, \i = 0.20moldm"^, [MnO^] = 2xl0~^ moldm"^, 
[SDS] = M l . 
From the discussion of the mechanism involved in the 
oxidat ion of various amino ac ids i t may be noted t h a t a l l of 
them have some spec i f ic mechanistic features^although they can 
be f i t t e d in a general mechanism^ described e a r l i e r ) ^ therefore , 
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Table - 2 : Activation Parameters for k^ , in the Presence of SDS 
-1_..-1 Amino acid / \ G * kjmol""'- ^ H * kjmol"-^  /^S* JK~-'-mol 
Q' 
¥' e 
0.97148x10' 
0.96416x10-
0.95038x10 5 
0.98704x10^ 
0.64805x10^ 
0.61387x10^ 
0.65047x10^ 
0.32003x10^ 
0.59344x10^ 
0.24990x10^ 
-0.114252x10-
-0.100219x10-
-0.201389x10-
-0.125751x10-
-0.129269x10-
[a] = 0.02 moldm"^, [b] = 0.06 moldm"^, [c] = 0.10 moldm"^, 
[d] = 0.03 moldm"^, [e] = 0.02 moldm"^, Temp. = 313°K, 
[H"*"] = 0.20 moldm"', i^ = 0.20 moldm"^, [MnOT] = 2xl0~'^  moldm"^, 
[SDS] = 0.10 moldm"^. 
it is not possible to arrive at any definite conclusion. However, 
we can make only general observations on activation parameters. 
It is noted that except for tryptophan free energy of activation 
is more or less constant and in the neighbourhood of 98.0+3 Kj/mole 
irrespective of the nature of the amino acid and the condition 
employed. The value of /\Gr shows only a marginal change in 
the presence of surfactant, and drops to 96+2 Kjmol"' . In the 
case of tryptophan the value of /\^Q* is only 62 kj/mole in the 
absence of surfactant and shows a marginal increase in the presence 
of surfactant. It may be noted that both for isoleucine and 
tryptophan the free energies are marginally higher than those 
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o'bse'T'ved in the absence of SDS. In both the cases the observed 
rate constant passes through a minima, as the [SDS] is varied. 
The temperature dependent parameters have been measured at 
[SDS] = 0.01 moldm""-^ , when the observed rate constants are 
minimum. Furthermore, in both the cases the enthalpy of 
activation, a measure of activation energy, is higher in the 
presence of surfactant but the entropy of activation becomes 
more positive this trend is also reflected in the case of 
leucine and serine. However, in the case of glutamic acid it 
is the enthalpy of activation which drops from 27.4 Kjmol'" to 
15.0 Kjmol" in the presence of surfactant whereas entropy of 
activation becomes more negative. 
